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Investment for Humanity 


. . to iiiteivefie, even 


briefly, between our fellow aeiitures mid their sufferiug or death. 


IS 01 ir 


r most authentic answer to the ijiicstio}i oj our IninianitY. 


Howard SacKLER, American phywriiiln 



EV 


he National Institutes op Health (NIH) was established more 

THAN A CENTURY AGO TO IMPROVE AND SAFEGUARD THE HEALTH OF 

ERY American. Today, NIH continues to pursue science for the sake of each man, woman, and 
child in the United States, reflecting the central tenet of our democratic society: the belief in the value 
and sanctity of the individual. Science for the sake of the citizen is an idea that has grown up with 
America. Thus, it is no accident that the United States, the world’s greatest democracy, has created the 
world’s greatest biomedical research establishment, dedicated to serving not the state, but the individuals 

who make up the state. 

The fimits of NlH’s medical research have proven to be among our Nation’s greatest achieve- 
ments, saving countless hves and profoundly improving the human condition. NIH has translated the 
Amencan public’s investment into far-reaching biomedical discoveries and a wealth of scientific knowl- 
edge that benefit all of humanity. 

NIH is a large, complex organization. It is, in fact, a nationwide repubhc of science, composed 
of some 50,000 individual researchers working at 1,700 institutions across the country. NIH’s intellectual 
capital base and scientific resources are devoted to addressing the most chaUenging, urgent pubUc health 
and biomedical questions of our time. The growing complexity of these challenges - ranging from 
reducing the suffering from heart disease and cancer to finding a cure for AIDS — coupled with the 
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urgent need to manage prudently the U.S. taxpayers' SIO billion investment in NIH, requires that we 
think very' carefully about our future. 

That is precisely what occurred as we embarked upon our strategic planning effort. The leader- 
ship of NIH along with some 2,000 representatives of the scientific community — from our intramural 
community and from NlH-supported insritutions nationwide — participated in this process. The plan is a 
vision, not a blueprint; it is a framework, not a manual ot operations; it is a beginning, not an end. It 
defines an NIH flexible enough to respond to society’s changing health care needs and dynamic enough 
to open ever more promising fi'ontiers ot fundamental research. Although a new undertaking for NIH, 
the Strategic Plan does not sever ties with the past. Rather, it builds on past accomplishments, organiza- 
tional strengths, and approaches of proven value. This document also affinns our commitment to the 
individuals who are the NIH: they are the source of our creative advances, primarily through their 
insights, initiatives, and individual talent. 

Irwestinentfor Humanity is predicated upon the need to create an environment that promotes cre- 
ativity on the part of individual scientists. The pursuit of research opportunities that arc closely aligned 
with our Nation’s health goals and our citizens’ individual needs is also central to our plan. By focusing 
NlH’s organizational thinking, the Strategic Plan articulates how our community defines its priorities for 
investment. 

The Strategic Plan starts with our statement of mission — science in pursuit of hnowledj^e to unproue 
human health. All that follows derives fironi and relates to that central guiding mission. Woven throughout 
this plan is a fimi recognition of 1) a commitment to basic and clinical research as the means ot expanding 
our knowledge base; 2) the importance of nurturing and sustaining a robust and varied human capital 
base; and 3) the need for sophisticated infrastrticture to accomplish both. AJthough the specific initiatives 
may change as science and the needs of society change, NlH’s fundamental mission and purpose will 
remain immutable. 
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There are no greater perils to our people and the promise of our Nation than the scourges of 
cancer, heart disease, drug and alcohol abuse, mental illness, debilitating diseases of the elderly, and new 
emerging threats such as AIDS and drug-resistant tuberculosis. Investing in NIH is the single greatest 
action our Nation can take to overcome these and other devastating illnesses. Indeed, the liistory of NIH 
and its record of achievement provide compelling evidence that no other public investment has yielded a 
greater return, over a longer period of time, for every U.S. citizen. 

The benefits of that investment extend also to our Nation’s economy. The biotechnology, bio- 
engineering, and pharmaceutical industries (and related hfe-science-based corporations) are increasingly 
important to improving the Nation’s economy — creating new jobs, technologies, products, and ser- 
vices. In many regions of the country, biomedical science is a great catalyst for the creation ot skilled, 
high-level jobs and is responsible for considerable economic productivity. NIH is the engine that drives 
this emerging “bioeconomy”: an economy that will lead to better health, lower health care costs, and sus- 
tained economic growth. The NIH Strategic Plan will help ensure that our Nation remains at the fore- 
front of this burgeoning economy. 

Investment for Humanity pledges the NIH community to address the opportunities, challenges, 
and needs of the future with vigor, dedication, and integrity. In turn, it also calls for a reciprocal commit- 
ment from this Nation’s citizens and their elected representarives, not only to sustain, but also to enhance 
the strength and vitality of this unique institution — this republic of science they have created and 
nurtured over many years. For NIH to fulfill its mission of pursuing science for the sake of each citizen, 
our vital enterprise must be a national priority. 

Berna 

Director, 

National Institutes oj Health 
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Mission and Goals 


The Mission of the National Institutes of Health: 


Saaicc in pursuit of kiioii4cd{^c to iiiiprovc liunhin health. 


This means pursuing science to expand fundamental knowledge about the nature and behavior of living 
systems; to apply that knowledge to extend the health of human lives; and to reduce the burdens result- 
ing from disease and disability. The National Institutes of Health seeks to accomplish its mission by: 

■ Fostenng fundamental discoveries, innovative research, and their applications in order to advance 
the Nation’s capacity to protect and improve health; 

■ Developing, maintaining, and renewing the human and physical resources that are vital to ensure 
the Nation’s capability to prevent disea.se, improve health, and enhance quality of life; 


■ Expanding the knowledge base in biomedical ^ and associated sciences in order to enhance 
America s economic well-being and ensure a continued high return on the public investment in 
research; and 

■ Exemplifying and promoting the highest level of scientific integrity, public accountability, and 
social responsibility in the conduct of science. 


^The word biomedical is used in this document as a generic tenn encompassing physics, chemistry, biologw, and mathematics 
as weU as certain engineering fields and health-related sciences, including the behavioral and social sciences. 
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Philosophy 


Preamble 

The National Institutes of Health (NIH) is the steward of biomedical research for the United States. 
Ultimately, our success as an institution wiU be measured by our ability to demonstrate that the 
health of the public has been improved by the efforts of the scientific community we have fostered 
and supported. 

NIH will identify and diligently pursue scientific opportunities that promise to yield funda- 
mental, innovative, and valuable contributions to the improvement of human health. We must be 
poised to recognize that science is inherently mutable and unpredictable. New, expanded, and 
broad-based opportunities in the life sciences must be explored to find solutions to health problems 
and needs that will benefit our diverse population. NIH therefore makes the following commit- 
ments: 

To THE American Public 

NIH exists to serve the people and, indeed, addressing their health needs is the essence of our mis- 
sion. Our effectiveness depends on our ability to communicate and implement new knowledge 
expeditiously, so that advances arc rapidly applied in the practices and technologies of the health sci- 
ences. We will not overpromise, but the goals we set for the health of the Nation must be of the 
highest order. We will endeavor to promote equity and fairness as we strive to hold and strengthen 
the trust and confidence of all the American people. 

To Our Scientists and Employees 

NIH must foster an environment in our intramural and extramural communities that ensures rea- 
sonable stability at an individual level and flexibility in the pursuit of knowledge; attends tirelessly to 
the support and renewal of talent, regardless of race, gender, creed, or physical disability; and fosters 
the values of trust, integrity, intellectual generosity' and openness, propriety in collaborative endeav- 
ors, and a spirited yet measured sense of competition. 

To Our Nation’s Youth 

NIH seeks to attract the youth of the Nation to science and scientific careers. The new ideas and 
innovations of tomorrow depend upon the young minds of today. Our human resource base must 
be nurtured now so that the remarkable advances occurring today will produce the highest possible 
yield in future years. 

To Our Communities 

NIH, which directly or indirectly employs some 100,000 people, recognizes its responsibility to 
local communities and the need to work effectively with local and state officials. In communities 
across the country, our investment fomis an important funding base, source of employment, aca- 
demic enhancement, and means for enrichment of the quality of regional medical care. 
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To Our Extramural Research and Education Institutions 

NIH’s long-standing ties to the scientific community reflect the productive collaborations that char- 
acterize many of today’s advances in science. The educational and research institutions that comprise 
the scientific community form a vital part of the NIH mission. The scientific talent base and physical 
infrastructure nurtured by NIH are a national resource vital to the quest for scientific knowledge. 
These partnerships drive the entire research enterprise. 

To THE Federal Stewards 

NIH must assure congressional leaders and executive branch officials that we are investing public 
resources wisely and responsibly, and that we are providing a strong return on the public’s invest- 
ment in NIH. With equal resolve, we must demonstrate our sensitivity to the social, legal, ethical, 
and economic concems of our Federal leaders and remain responsive to their oversight responsibili- 
ties. 

To Our Nation’s Economy 

NIH-supported biomedical research creates new products, new jobs, and new industries. The 
biotechnology, pharmaceutical, and medical device industries, which in large part stem from NIH- 
supported research, have been and will continue to be major forces in advancing our Nation’s eco- 
nomic growth and productivity. NIH discoveries and their applications have a positive impact on 
one of the Nation’s most intractable social and economic problems — containing and reducing 
health care costs. The ultimate approach to spiralling health care costs must be to prevent and cure 
disease. 

To THE International Community 

NIH is committed to fostering cooperation with scientists and institutions in other nations in order 
to expand biomedical knowledge and create new medical products and technologies. Since its 
founding in 1887, NIH has forged partnerships with leading research institutions throughout the 
world. Intellectual exchange among biomedical scientists — like the diseases they seek to cure — 
cannot be confined within national boundaries. 
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Statement of Means 


The path of scientific discover)^ cannot be defined in advance. NlH’s leadership believes, however, 
that success in pursuit of our mission can be catalyzed and accelerated by judicious planning. In the 
flice of change, promising areas of research opportunity and important issues of science policy must 
be identified and advanced in the interest of achieving NIH’s long-temi goals. This strategic plan- 
ning process assures the balance and diversity of the NIH portfolio that are critical to progress. This 
plan outlines the strategic mechanisms for achieving the mission and goals of NIH. 

NIH Corporate Role 

Ultimate responsibility for fulfilling NIH’s mission and goals rests with the Office of the Director 
and the leadership of the Institutes, Centers, and Divisions.- At the corporate level, responsiveness to 
the objectives of the Strategic Plan must be reflected in the development of coordinated strategics 
and the annual budget, while program initiatives and project funding decisions are to be made by 
the individual institutes. Oversight must be conducted broadly and must reflect the mutability and 
unpredictability of science. 

Institute, Center, and Division Roles 

The institutes provide the structure for achieving the mission and goals of NIH. Although each has a 
mandate with defined priorities that address science and health matters from a specific perspective, 
collectively they are the agents for implementing the Strategic Plan. The institutes, working with 
the Office of the Director, wiU be responsible for implementing specific initiatives that are relevant 
to their individual research missions. 

Scientific Advisory Role 

The participatory' role of extramural scientists in charting the present and future course of NIH is a 
major strength of its corporate culture. Through the Advisory Committee to the Director, the 
National Advisory Councils and Boards, and the Program Advisory Committees, NIH responds to 
the dynamic and unpredictable nature of science. Advisory groups help us to identify the anticipated 
health needs and the unexpected discoveries and opportunities that can have profound consequences 
for the course of scientific progress. The advice that comes from NIH s peer review system is pivotal 
in translating scientific direction into meritorious endeavors. Indeed, the evaluation of research pro- 
posals through peer review is among the most important means whereby NIH achieves its goals and 
objectives. 

Commitment to Science Opportunities and Health Needs 

Science opportunities and the health needs of the public will drive the development of the NIH 
budget and the allocation of resources. In developing our future budgets, we will emphasize science 
and programs; mechanisms (including the number of grants) will be the important means to achiev- 
ing scientific goals and programs. 


-The word institutes is used in this document to refer collectively to the NIH Institutes, Centers, and Divisions. 
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Commitment to Scientifically Meritorious 
Investigator - Initiated Research 

We reafFimi the principle of high-quality, investigator-initiated research as essential to discovery. 

Indeed, a hallmark of NIH since the 1940s has been its emphasis on the freedom of individuals to 
pursue their own diverse ideas within the scope of clearly defined targets. This strategy has been suc- 
cessful in encouraging creativity and maintaining scientific freedom, while fostering high-quality 

research in pursuit of NIH’s mission. Investigator-initiated research is at the heart of scientific i 

inquiry, in which discoveries arise in unexpected places, from improbable insights, and through ^ 

leaps of imagination. The implementation of the NIH Strategic Plan will rely on this commitment 
and will continue to generate innovative approaches to support investigator-initiated research. 

CommitmenttothePrinciplesofResponsibleCostManagement i 

Responsible cost management is essential tor achieving many of NIH s goals, including stability and | 

predictability in the funding levels of biomedical research, wise and effective management of I 

research costs, and public accountability. The concept of cost management is central to the Strategic j 

Plan, recognizing the need for continual reexamination and evaluation. Abiding by the well-articu- j 

lated principles of the cost management plan is essential to ensuring pmdent and efficient steward- i 

ship of all NIH programs. j 

i 

! 

I 




Attacking 

Infectious 

Diseases 

From its earliest days, 

NIH has pioneered 
important advances in 
public health. Dr. Joseph 
Kinyoun, who founded 
the Hygienic Laboratory 
in 1887, made the first 
laboratory diagnosis in 
the western hemisphere 
of cholera, a disease that 
ravaged U.S. cities at that 
time. In 1906, research 
on anaphylaxis — 
allergic reactions to 
foreign proteins in 


Disease 
Prevention 
During World War 1, the 
Hygienic Laboratory' 
turned its attention to 
problems confronting the 
military. Significant 
advances in disease pre- 
vention came from 
research to find new 
ways to administer small- 
pox vaccinations to sol- 
diers and to identify the 
carriers of tetanus and 
anthrax, which were 


Promoting Good 
Health 

Numerous discoveries 
resulting from fundamen- 
tal research have had 
direct implications for 
everyday life, not just for 
the treatment of illness. 

In the late 1920s, for 
example, milk began to 
be pasteurized to prevent 
undulant fever, a painful, 
persistent disease carried 
by domestic animals. The 
dangers of tetraethyl lead 
in gasoline were 


NIH’s Growth 
Spurt 

Congress officially 
renamed the Hygienic 
Laboratory the National 
Institute of Health in 
1930, and in 1937 estab- 
lished the National 
Cancer Institute (NCI), 
which was authorized to 
fund research and scien- 
tific training at universi- 
ties and medical facilities, 
setting a precedent for 
Federal funding and 
spurring tremendous 


supporting more than 
50,000 prominent inves- 
tigators nationwide. NIH 
is the foundation of our 
Nation’s investment in 
biomedical research and 
is the source of discover- 
ies that have improved 
the health and well-being 
of millions of Americans. 
The following pages 
highlight some of the 
many accomplishments 
of NIH over the past 
century. 


the body — con- 
tributed to the study of 
immunology as we know 
it today. And it was a 
Hygienic Laboratory 
doctor who determined 
that pellagra was not an 
infectious disease, but a 
vitamin deficiency. 


infecting many soldiers. 

During the 1920s, 
expanded cooperation 
between the Hygienic 
Laboratory and the states 
forged new and impor- 
tant partnerships. 
Cooperation with the 
State of Montana led to a 
vaccine for Rocky 
Mountain spotted fever. 
The Rocky Mountain 
Laboratory, which first 
produced the vaccine for 
that disease, remains a 
part of NIH. 


researchers discovered 
the value of fluoride in 
preventing dental caries; 
this led to the determina- 
tion of optimal fluorida- 
tion levels for communi- 
ty water systems. 


growth in biomedical 
research. This “extra- 
mural” program was so 
successful that it became 
an integral part of each 
successive institute and 
helped NIH expand from 
a small group of distin- 
guished investigators into 
a national resource for 
medical research funding. 


Legacy of Discovery 


The National Institutes 
of Health (NIH) began 
more than a century ago 
as the Hygienic Labora- 
tory, a one-room opera- 
tion in the attic of the 
Staten Island Marine 
Hospital with S300 in 
funding and one physi- 
cian. Today it is the 
largest, most productive 
biomedical research 
enterprise in the world, 
with an operating budget 
of more than $10 billion 
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Today, support for inves- 
tigators at institutions 
nationwide accounts for 
as much as 90 percent of 
the research funded by 
NIH. 

The yean following 
^^rld War II witnessed 
a dramatic increase in 
Federal support for bio- 
medical research, open- 
ing up critical areas of 
health and disease for 
NIH study. New 
Institutes, Centers, and 



Divisions were added, 
and NIH’s name became 
plural — the National 
Institutes of Health. 

Accelerating 
THE War Against 
Cancer 

The 1950s and 1960s 
brought a number of 
advances in the battle 
against cancer when NIH 
scientists produced stud- 
ies linking smoking and 
lung cancer and devel- 
oped the first chemother- 



apy treatments to cure 
choriocarcinoma (a can- 
cer of the placenta) and 
childhood leukemia. 
Today, chemotherapy is 
a standard cancer treat- 
ment, and the overall 
survival rate for cancer 
stands at over 50 percent, 
with more and more 
forms becoming curable. 

Making Blood 

Transfusions 

Safer 

One of the earliest 
processes to make blood 
transfusions safe came in 


window on the structure 
and function of the brain. 

Laser technology 
began moving to the 
forefront of medicine 
through trials supported 
by NIH in the 1970s, 
when lasers were used to 
seal off leaking blood 
vessels on the retina, 
thereby reducing blind- 
ness by 90 percent 
among diabetics. Other 
techniques have since 
been developed using 


lasers to treat a wide 
range of medical prob- 
lems, such as cancer, kid- 
ney stones, and 
endometriosis (aberrant 
tissue in the pelvic 
cavity). 

Molecular 
Medicine and 
Biotechnology 
As NIH’s contributions 
to biomedical knowledge 
have grown, far more 
attention has been 
focused on the cell and 
the processes of life at the 
molecular level. Almost 
every institute today 
includes some aspect of 
molecular medicine in its 
research portfolio. 


Cracking the 
Genetic Code 
While working at NIH 
in the 1960s, Nobel 
Prize-winner Marshall 
Nirenberg deciphered 
the genetic code, the 
molecular instructions in 
genes that direct all life 
processes. This discovery 
set the stage for contem- 
porary research on gene 
mapping, gene therapy, 
and molecular struc- 
ture. Identifying the 
genes responsible for 
specific diseases 
enables scientists to 


death and disability from 
coronary disease and 
stroke. NIH-sponsored 
public education pro- 
grams, particularly the 
high blood pressure pro- 
gram, have played a 
major role in decreasing 
the incidence of stroke. 

New Technologies 
NIH’s contributions in 
the development of 


the 1960s as a result of 
the work of an NIH- 
supported Nobel Prize- 
winning scientist. 

Dr. Baruch Blumberg 
identified a marker for 
the presence of hepatitis 
B in blood, which led to 
the development of tech- 
nologies to screen donat- 
ed blood prior to transfu- 
sion and to create a vac- 
cine for the disease. 


positron emis- 
sion tomogra- 
phy (PET) 
advanced 
our under- 
standing of 
the function 
of the human 
brain and the biologi- 
cal aspects of neurological 
and mental disorders, 
including brain tumors, 
manic depressive illness, 
and schizophrenia. Soft 
tissues of the body can be 
studied noninvasively 
because of NIH’s contri- 
burions to magnetic reso- 
nance imaging (MRI), 
which is providing a 


search for 
revolutionary 
approaches to 
treat, prevent, 
and cure them. 


Heart Disease 
I N I T I A T I \' E s 
Major initiarives in diag- 
nosis, treatment, and pre- 
venrion of myocardial 
infarction and sudden 
death were inaugurated 
at NIH in the 1970s. 
Since then we have seen 
a dramatic reduction in 
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Growing evidence of the 
genetic basis of many 
human diseases has led to 
the first human gene 
therapy trials being con- 
ducted at NIH on an 
immunologic disorder 
and cancer. 

From its beginnings, 
NIH has supported 
research that explores 
basic Hfe processes. This 
investment has paid off 
consistently with unex- 
pected discoveries that 


NEUROSCIENCI: and 
THE Brain 

NIH scientists have made 
significant advances in 
comprehending the fiinc- 
tion of the brain, the 
organ that defines our 
distinctively human char- 
acter. They have learned 
much about how the bil- 
lions of individual nerve 
cells in the brain com- 
municate with their 
neighbors, how networks 
of cells perform specific 


cy virus and AIDS and, 
more importantly, devel- 
oped a blood test for the 
virus to safeguard the 
world’s blood supply. 
NIH investigators identi- 
fied the first promising 
therapy for patients with 
AIDS and continue to 
develop new therapies 
that may be even more 
effective in the fight 
against this disease. AIDS 
research also pays divi- 


injured by disease or 
trauma and the role of 
genetics in neurological 
disorders such as 
Alzheimer’s or 
Huntington’s disease. 
Building on this new 
knowledge, and using 
many of the same 
research tools, NIH sci- 
entists are finally begin- 
ning to understand that 
complex disorders such as 
depression, schizophre- 
nia, alcoholism, 
and drug abuse are 
determined by 
both genetic factors ^ 
and the environ- 
ment — an under- 
standing that may 


using computers to help 
explain the structure of 
proteins, enzymes, and 
DNA, and how drugs act 
on the body. NIH sup- 
ported scientists have also 
made progress in the 
assessment of Alzheimer’s 
disease and are exploring 
vaccines for many forms 
of cancer and other dis- 
eases. On other fronts, 
NIH-supported scientists 
are studying the part that 
nutrition might 
play in diseases 
such as cancer, dia- 
betes, and osteo- 
porosis. 


In the past 40 
years, we have 
learned more about 
»»» health and disease 


soon lead to the 


than during any 

development of new 

dends in other fields. 

other time in history. Yet 

therapies for both neuro- 

including virology. 

the Nation’s health con- 

logical and behavioral 

immunology, microbiol- 

tinues to be challenged 

disorders. 

ogy, and molecular 

by unforeseen threats. 


biology. 

such as the emerging 

Respondi.ng to 

NIH research has 

threat of multiple-drug- 

New Disease 

also resulted in better 

resistant tuberculosis. 

Challenges 

understanding of the 

Because of the National 

NIH-supported scientists 

immune system, new 

Institutes of Health, this 

are leading the world in 

approaches to vaccine 

Nation has the intellectu- 

research on HIV and 

development, novel diag- 

al and physical resources 

AIDS. Researchers at 

nostic techniques, and 

to continue to respond to 

NIH helped to establish 

new methods for evaluat- 

such challenges to 

the link between the 

ing drug treatments. 

improve human health. 

human immunodcficien- 

Researchers at NIH are 



move scientists to new 
frontiers in health science 
research, and much clos- 
er to the cures for a wide 
spectrum of inherited and 
acquired diseases. The 
success of this basic 
research has been con- 
firmed by the world 
community. Since the 
1950s, one or more 
NIH-supported scientists 
have been awarded the 
Nobel Prize almost every 
year. 


functions, and how 
chemicals called 
neurotransmitters 
control the interac- 
tions among cells and 
networks. Other NIH 
researchers have discov- 
ered the role of genes in 
determining the structure 
and function of neuro- 
transmitters, factors that 
influence the develop- 
ment of the fetal brain, 
how the brain develops 
after birth, and how it 
responds to injury. 

These discoveries 
have led to progress in 
understanding the ways 
in which the brain can be 
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NIH’s Nobel Laureates i 
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Evidence chat NIH is achieving its mission — science in pursuit of knowledge to improve human health 
— IS the list of 81 recipients of science’s highest honor, the Nobel Pnze. Four were NIH intramural sci- 
entists at the time they received the Nobel Prize. The other laureates listed received extramural grants 
from NIH prior to being awarded the Nobel Pnze. 

1939 E. O. Lawrence (USA) Physics 
1950 Philip S. Hench (USA) Chcniist}y\ 

shared with E.C. Kendall and T. ILeichstein 

1953 Fritz A. Lipmann (USA) Pliysiolo^iY or Mcdicine\ 
shared with H. A. Krebs 

1954 Thomas H. Weller (USA) Physioh^iy or Medicine; 
shared with J. F. Enders and F.C. Robbins 

1954 Linus C. Pauling (USA) Chemistry 

1955 Vincent du Vigneaud (USA) Cheiiiistry 

1 956 Dickinson W. Richards, Jr. (USA) Physiolosiy or Medicine; 
shared with A.Cournand and W. Forssmann 

1958 George W. Beadle (USA) Joshua Lederberg (USA), and 
Edward L. Tatum (USA) Physiolo<^y or Medicine 

1959 Arthur Kornberg (USA) and Severo Ochoa (USA) 

Physiolo\ry or Medicine 

1960 Peter B. Medawar (United Kingdom) Physiohciy or Medicine; 
shared with F.M. Burnet 

1962 James D. Watson (USA) Physioloyiy or Medicine; 

shared with F.H.C. Grick and M.H.F. Wilkins 
1962 John Kendrew (USA) Chemistry; 
shared with M.F. Perutz 

1964 Konrad Bloch (USA) Physioloiiiy or Medicine; 
shared with F. Lynen 

1965 Jacques L. Monod (France) Physiohi^y or Medicine; 
shared with F. Jacob and A. LwolF 

1965 Robert B. Woodward (USA) Chemistry 

1966 Charles B. Huggins (USA) Physiology or Medicine; 
shared with P. Rous 

1967 Haldan K. Hartline (USA) and George Wald (USA) 

Physiology or Medicine; shared with R. Granit 

1968 Marshall W. Nirenberg^ (USA), Robert Holley (USA), 
and H. Gobind Khorana (USA) Physioh^y or Medicine 

1968 Lars Onsager (USA) Chemistry 

1969 Max DelbrAck (USA), Alfred D. Hershey (USA), 
and Salvador Luria (USA) Physiology or Medicine 

1970 Julius Axelrod"^ (USA) and Ulfvon Euler (Sweden) 

Physioloiiy or Medicine; shared with B. Katz 

1970 Luis Leloir (Argentina) Chemistry 

1971 Earl W. Sutherland, Jr. (USA) Physioloyiy or Medicine 

1972 Christian B. Anfinsen* (USA), Stanford Moore (USA), 
and William H. Stein (USA) Chemistry 

1972 Gerald M. Edelman (USA) and Rodney R. Porter (United Kingdom) 

Physiolociy or Medicine 

1974 Albert Claude (Belgium), Christian de Duve (Belgium), 
and George E. Palade (USA) Physiokmy .or Medicine 
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1975 David Baltimore (USA), Rcnato Diilbecco (USA), and 
Howard M. Tcmin (USA) Physiology or Medicine 

1976 D. Carleton Gajdusek* (USA) and Bamch S. Bluinberg (USA) 
Physiology or A ledicine 

1976 William N. Lipscomb (USA) Chemistry 

1977 Roger C.L. Guillemin (USA) and Andrew V. Schally (USA) 
Physiology or Medicine^ shared with R.S. Yalow 

1978 Daniel Nathans (USA) and Hamilton O. Smith (USA) 

Physiology or Medicine, shared with W. Arber 

1 979 Herbert Brown (USA) Chemistry, 
shared with G. Wittig 

1980 Baruj Benacen-af (USA), Jean Dausset (France), 
and George D. Snell (USA) Physiology or Medicine 

1980 Paul Berg (USA) and Walter Gilbert (USA) Chemisny, 
shared with F. Sanger 

1981 Roald Hoffmann (USA) Chemistry', 
shared with K, Fukui 

1981 David H. Hubei (USA), R.W. Speriy (USA), and 
Torsten N. Wiesel (USA/Sweden) Physiology or Medicine 

1982 Sune Bergstrim (Sweden) and John R. Vane (United Kingdom) 
Physiology or Medicine, shared with B. Samuelsson 

1982 Aaron Klug (United Kingdom) Chemistry 

1983 Henr>^ Taube (USA) Chemistry 

1984 R. Bruce Mernfield (USA) Chemistry 

1985 Herbert A. Hauptman (USA) Chemistry, with J. Karle 

1985 Michael S. Brown (USA) and Joseph L. Goldstein (USA) 
Physiology or Medicine 

1986 Susumu Tonegawa (Japan/USA) Physiology or Medicine 

1986 Stanley Cohen (USA) and Rita Levi-Montalcini (USA/Italy) 
Physiology or Medicine 

1987 Donald J. Cram (USA) Chemistry, 
shared with J.-M. Lehn and CJ. Pedersen 

1989 Sidney Altman (USA) and Thomas Cech (USA) Chemistry 

1989 J. Michael Bishop (USA) and Harold E. Vannus (USA) 

Physiology or Medicine 

1990 Elias J. Corey (USA) Chemistry 

1990 E. Donnall Thomas (USA) and Joseph E. Murray (USA) 
Physiology or Medicine 

1992 Edmond H. Fischer (Swutzerland-USA) and 

Edwhn G. Krebs (USA) Physiology or Medicine 

1992 Gar>’ Becker (USA) Economics 

* Current or former NIH intramural scientists. 
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Trans-NIH Objectives 


Objective 1 - Critical Science ano Technology 

Assure th.u cnticnl science and teehnologv- in basic biology, w.tli impacts on human 

national economv. are advanced .is pnonties across the Nation's biomedical research 


health and the 
enteipnsc. 


■ Molecular Medicine 

■ Biotechnology' and Bioenginecnng 

■ hiiniunologv' and Vaccines 


■ Structural Biology' 

■ Cellular and Integrative Biology 


Objective 2 — Critical Healih Needs 

Strengthen the ability of the Nation’s biomedical research enterprise to respond 

emerging public health needs. 

■ Basic Biology' Related to the Environment 

■ Behavior and Health 


to current and 


■ Childhood Health and Mortality 

■ Reproductive Biology' 

■ Disease Control and Prevention 

■ Bionutntion: Strengthening the Science Base 

■ Chronic and Recurrent Illness, Rehabilitation, and Aging 

■ Health of Women 

■ Health of Minorities and Undersen'ed Populations 


Ouifctive 3 — Intellectual Capital 

Provide for the renesval and growth of the intellectual capital b.ise essential to the 
medical research enterprise, Enstinng fiirness and equality of opportunity is central to ertoits 
enhance the human resource base ot biomedical reseaich. 


■ Development of Scientific Talent Base 

■ Life Sciences Education and Public Understanding ot ScieiiLe 


■ Professional Standards of Scientihe Research 


Objective 4 — Research Capacitv 

Sustain and renew the capacity that is cntical to advancing 

health-related research 

■ Intramural NIH; Revitalizing A National Resource 

■ Clinical Research 


the Nation’s ability to conduct 


■ Research Resources, Facilities, and Instrumentation 


Objective 5 — Stewardship of Public 
Secure the maximal return on the public investment 

■ Economic Analy’sis and Budget Policy 

■ Technology Transter 

■ NIH Leadership Base 

■ Cost Management 


Resources 
in biomedical research. 


■ Peer Review 


ObJECT1VE6 PUBLlCfRUST 

Earn continually the public's respect, trust, and confidence as we carp' out our mission. 

■ Social, Legal, Ethical, and Economic Issues in Biomedical Research 

■ NIH and the Nation’s Economy 

■ Communicating with the Public 
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Critical Science and Technology 


1 Ik ijiiiih kI part' ^riciicc i< ;//(' tisiililc p}vrc<<, iIk . rhc iHiiiliiKc. 


I he shy huil of pun' scioiiec is luiilcrsuiinliiip. 
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y “critical science and technology’* we mean the fundamental, basic research and widely 


applicable technologies that provide crucial underpinnings across the institutes in a range 


of disciplines. Opening revolutionaiw directions, they are essential to the success of the entire NIH enter- 
prise, providing a base of fund.imental knowledge. Investment in fundamental knowledge sets the stage 
for future advancements that will improve human health, reduce health care costs, and bolster the 
Nation's economic well-being. Evolving and dynamic, this knowledge base transcends c.itegorical NIH 
missions, but is central to each of them through its contribution to the understanding of disease. 

The application of such fundamental science to health and disease holds the promise of cost sav- 
ings in health care, partictilarly for chronic and debilitating diseases. I'oday, and even more so in the ne.xt 
five to ten years, fundamental science will contribute substantially to the enhancement of the Nation’s 
economic growth, productivitv', and competitiveness, as well as our quality of life. Investment in critical 
science and technolog)^ is an investment in the future. 

Critical science and technolog\^ fonns the core activity of each of our 22 institutes and centers. 
All perform and support these fundamental sciences as part of their individual missions. Those institutes 
and centers, and each of their mostly disease-oriented missions, are outlined under Objective 2. Every 
institute and center has a role and a stake in the advancement of (fritical Science and Technolog\'. 
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Molecular Medicine 



N THE LAST TWO DECADES, SCIENTISTS HAVE GREATLY EXPANDED OUR FUNDAMENTAL 
UNDERSTANDING OF THE MOLECLT.AR BASIS OF HUMAN DISEASE. MOLECULAR MEDICINE, 


THE STUDY OF HOW THE STRUCTLIRE AND ACTIVITY OF LIVING CELLS ARE CONTROLLED BY MOLECULES 


such as DNA and proteins, has enabled investiga- 
tors to explore and pinpoint the molecular 
dynainics of genetic diseases. It has also allowed 
them to characterize the interactive biological 
chain of events linked to cancer, diabetes, and 
other diseases. Increased knowledge ot the molec- 
ular foundations of disea.se has led to new clinical 
techniques to diagnose, treat, and prevent these 
and other devastating illnesses. Moreover, 
molecular research holds great promise for reduc- 
ing the social and economic impacts of a wide 
range of disorders. Molecular medicine is a high 
priority for the National Institutes of Health. This 
discipline is critical to the conduct of basic science 
and clinical research, and to the creation of new 
clinical therapies of benefit to patients. NIH will 
support molecular research to 

■ Map the human genome to turther biomedical 
science’s ability to identify the specific location 
and behavior of genes linked to inherited and 
acquired diseases. 

■ Understand both healthy and disruptive molec- 
ular activity within the human cell in order to 
develop tools for disease detection and interven- 
tion. 

■ Define the multiple biological steps and interac- 
tions — cellular and environmental — responsi- 
ble for such conditions as cancer, immunodefi- 
ciency, cardiovascular and pulmonary diseases, 
mental illnesses, and neurodegenerative diseases. 

Among our highest priorities are the following: 

■ Human Genome Project 

■ Understanding the Molecular Basis 
of Disease 

m Human Gene Therapy 


Human Genome Project 
The Human Genome Project is a worldwide 
research effort to identify and map the exact loca- 
tion of each one of the estimated 100,000 genes in 
the human cell, a task of incredible complexity 
and magnitude. Paralleling this effort, scientists 
will study the DNA of model organisms to obtain 
clues to the organization and function of the 
human genome, our genetic blueprint. 

NIH has made important progress in gener- 
ating physical and genetic maps of the genome in 
the last year. These maps enable scientists to iso- 
late and identify genes in order to study their 
function in health and disease. Scientists recently 
constructed physical maps for two human chro- 
mosomes: the human Y chromosome, found only 
in males; and the long ann of chromosome 21, 
which is associated with Down syndrome, and 
some types of Alzheimer’s disease. An intense 
effort has been launched to study chromosome 
17, which has particular importance in breast can- 
cer and other honnonally mediated tumors. In all, 
about half of the markers needed to build a genet- 
ic map of the human genome have been identi- 
fied. 

Technologies developed within the Human 
Genome Project have already led to the discovery of 
many disease genes, including those for inherited 
fonns of colon cancer and amyotrophic lateral 
sclerosis (Lou Gehrig's disease) and for fragile X 
syndrome, the most common genetic cause of 
mental retardation. This knowledge can aid scien- 
tists in developing molecular interventions that 
prevent or reduce the adverse effects of genetically 
related disease. 
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COMPUTERlZtD VIEW OF l.ASER- 
EXCITED DNA BANDS ON AN 
AUTOMATED GENE SEQUENCER. 

The sample is from a pori ion 

OF 1 HE CHROMSOME THAT CON- 
TAINS THE Huntington’S dis- 
ease GENE. 


The infomiation generated by the Hiunan 
Genome Project is expected to become the source- 
book for biomedical science in the 21st century'. It 
will expedite progress in a variety of fields, includ- 
ing developmental biology and neurobiology. 

The analysis and interpretation of the wealth of 
data collected dunng this international eftort will 
occupy scientists for many years to come. Yet the 
enormous potential of this project will be realized 
only if it is pursued in tandem with research 
focused on applying genetic infonnation to pre- 
vent and treat disease. 

The rapid evolution of genetics research 
makes it crucial for NIH to place greater emphasis 
on human molecular genetics in its intramural 
program. In order to create an intellectual and 
technological focus for fundamental genetics 
research at NIH. an intramural laboratory' of 
human molecular genetics is being established, 
with a focus on disease genes, improved diagnos- 
tics, and gene therapy. This laboratory will enable 
the intramural NIH research community' to par- 
ticipate in the Human Genome Project, making the 
technologies and knowledge it produces immedi- 
ately accessible to intramural and extramural 
investigators. The successful completion of the 


Human Genome Project will be instrumental in 
guiding NIH in its efforts to understand and treat 
many of the more than 5,0( )() genetic diseases that 
afflict humankind, and other diseases and disorders 
in which genetic predisposition plays an important 
role. 

Understanding the Molecular 
Basis of Disease 

The explosion of knowledge about the regulation 
of normal and aberrant cell processes could lead to 
improved methods for intervening in a wide vari- 
ety of diseases. Research on the molecular basis of 
disease will, in turn, identify potential targets for 
therapy. A related area of rapid progress is the 
molecular biology of the cell cycle. As the chemi- 
cal processes controlling the growth of cells are 
elucidated, the results will be directly applicable to 
a wide variety of health problems. 

Research on honnone and growth factor 
receptors, ion channels, transporters, and similar 
biological molecules affects virtually every insti- 
tute and ,program involved in the biomedical sci- 
ences. The accessibility of these cell surface mole- 
cules — and the availability of new technologies 
that allow researchers to identify them rapidly and 
produce the agents that interact with them in 
amounts adequate for further studies — make 
these molecular entities attractive therapeutic tar- 
gets. 

Advances in molecular biology, protein 
chemistry, and structural biology' arc increasing 
our understanding of critical cellular factors impli- 
cated in human disease. The molecular basis of a 
disease state provides a foundation for developing 
specific therapies for effective treatment. 

Promising new approaches include the develop- 
ment of drugs designed to act upon specific cellu- 
lar targets and the development of molecular and 
biochemical inter\^entions for both prevention and 
therapy. 
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Human Gene Therapy 
Gene therapy represents a revolutionary' techno- 
logical breakthrough in molecular medicine. It 
will ultimately give scientists the ability to manip- 
ulate the structure and function of genes, thereby 
offering tremendous potential to prevent, treat, 
and cure a broad range of diseases. Gene therapy 
encompasses several approaches, such as introduc- 
ing specific genes, replacing defective genes, regu- 
lating gene expression, and developing molecular 
targets for disease therapy in living organisms and 
humans. 

Sickle cell anemia, cystic fibrosis, neurohbro- 
matosis, Huntington’s disease, and Tay-Sachs dis- 
ease are among some 3,0()() genetic disorders 
caused by a single defective gene. Collectively, 
these genetic diseases have an enormous impact 
on society. For example, 5 percent of all infants in 
the United States have a genetic disease. These 
diseases account for 10 percent of all pediatric 
hospital admissions and 8.5 percent of all child- 
hood deaths. 

NIH has made dramatic progress in gene 
therapy research aimed at undei-standing and treat- 
ing devastating inherited diseases. In 1990, NIH 
investigators perfonned the first clinical trial of 
gene therapy on a four-year-old girl who, like the 
“boy in the bubble,” was prone to infections 
because of a mutation in the gene that encodes 
the enzyme adenosine deaminase. After treatment 
the child’s health continues to improve, and she is 
now able to attend school for the first time. 

Cancer, heart disease, chronic pulmonary' 
diseases, mental illnesses, stroke, and substance 
abuse are among the many diseases that result 
from a combination of factors that includes our 
genetic makeup as well as environmental influ- 
ences. Sadly, they account for the majority' of 
deaths in this country and exact an enormous 
social and economic cost. 


Human gene therapy promises new 
approaches to treat and cure many of these 
acquired or multifactor diseases. For example, a 
major new area of NlH-supported gene therapy- 
research involves inserting altered genes into 
human tumor cells to enhance their tumor-killing 
capacity. In patients with advanced melanoma, 
results from preliminary- clinical trials indicated a 



significant reduction in cancerous tumors after 
patients were injected with cells containing the 
gene for tumor necrosis factor. Preclinical and 
clinical trials involving gene therapy that are now 
underway at NIH are expected to serve as models 
for future clinical trials of engineered vaccines for 
breast, colon, ovarian, and renal cancers. Scientists 
are also developing techniques to implant geneti- 
cally altered cells into the nervous system. 


tSOL.MING GENES THROUGH 
RECONUH.NAN T DNA TECH- 
NIQUES. 
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Through gi'cater understanding of the molec- 
ular mechanisms of normal cell growth and diher- 
entiation, and how cell processes are disrupted, 
scientists can design drugs specifically targeted to 
convet the abnomial metabolic and cellular 
processes associated with a particular disease. 
Promising approaches include the production and 
use of small synthetic molecular inhibitors such as 
peptide analogs and monoclonal antibodies, pri- 
manly in the treatment of cancer and neurological 
disease. 

While clinical applications of gene therapy 
are underway, much remains to be learned to 
optimize our capacity to manipulate and control 
gene expression. NIH is committed to investing 
in basic molecular research that will advance gene 
therapy and the development of molecular thera- 
pies that target a specific disease. 


Major Goals: 

Molecular Medicine 

■ Complete the mapping and DNA sequencing 
goals of the Human Genome Project. 

■ Characterize the genetic componet its of complex 
diseases, including those linked to flat os in one 
or more genes, and appdy this knowledge to 
deuelop new clinical therapies, including gene 
therapies. 

■ Identify molecular targets for new drug iuteiven- 
tions in therapries for such diverse diseases as 
cancer, infections, and autoimmune disorders. 

m Establish an intramural component to the 
National Center for Human Genome Research 
(NCHGR), which will develop a strong funda- 
mental research program in gene discovery and 
gene therapy. 

■ Elevate NCHGR to the National Institute of 
Genomics and Medical Genetics. 

m Facilitate research collaboration between basic 
and clinical science (at NIH and universities) 
and applied biotechnology (especially in the pri- 
vate sector) to advance rapid, large-scale produc- 
tion of new therapeutic agents. 

■ Identify interindividual variatkm in response to 
dnigs and other chemicals for the purposes of 
identifying individual risk and developing 
tailored strategies. 
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HE TREMENDOUS GROWTH AND SUCCESS OF IHE U.S. BIOTECHNOLOGY INDUSTRY IS 
THE DIRECT RESULT OF A 45-YEAR INVESTMENT BY THE FEDERAL GOVERNMENT 


IN BIOMEDICAL RESEARCH, 


LARGELY SUPPORTED BY THE NATIONAL INSTITUTES OF HEALTH 


The products and technologies developed through 
this industiv are significant, yet they pale in com- 
parison to the discoveries we can expect in the 
future. 

This decade will see unprecedented applica- 
tions of biotechnology to agriculture and aquacul- 
ture, the environment, improved energ\' sources, 
and the development of drugs and technologies 
capable of improving human health. The impact 
of biotechnolog>' on the Nation’s economy will 
be enormous. In the next decade, tor example, 
revenues from biotechnology^ products are expect- 
ed to increase tenfold, skyrocketing to S50 billion 
by the turn of the centui 7 . 

The talents, tacilities, and resources of NIH 
are critical to the Nation’s biotechnology' industry^’. 
NIH has identified four initiatives as priorities 
because of their intrinsic importance to our mis- 
sion. These initiatives have an added value in that 
they also hold particular promise for commercial- 
ization. These include: 

■ Bioh^ical Response Modifiers and Monoclonal 
Antibodies 

■ Cellular and Tissue En^lincerin^ 

■ Transgenic and Other Animal Models 

■ Bioengineering 

Biological Response Modifiers 
and Monoclonal Antibodies 
A number of biologically active natural proteins 
produced by recombinant technology' and geneti- 
cally altered proteins are already in use or in clini- 
cal trials or approved for treatment. Biological 
response modifiers (BRMs) are one example. By 
stimulating the production of healthy cells, BRMs 
have proven effective in the treatment of cancer 


and autoimmune, cardiovascular, and infectious 
diseases. BRMs have also been instrumental in 
prolonging patient siiwival trom bone marrow 
and organ transplants. Research into these and 
other yet-to-be-discovered agents is of critical 
importance, given their potential contributions to 
the well-being of patients. 

Cellular and Tissue Engineering 
Cellular engineering can improve the tunction ot 
living cells by manipulating enzyme, transport, 
and regulatory' processes. This capability can have 
measurable results in disease treatment and inter- 
vention. To treat insulin-dependent diabetes, for 
example, scientists have moved closer to develop- 
ing a genetically engineered pancreatic beta cell. 
These cells, created by splicing DNA into cells 
taken from the pituitary' gland, produce insulin. 
Once scientists develop successful methods to reg- 
ulate and transplant these engineered cells in 
patients, they' may prove to be the most effective 
medical treatment to control insulin-dependent 
diabetes mellitus, dramatically improving the 
health and quality of life of diabetic patients. 

Tissue engineering enables scientists to grow' 
tissues and organs that ser\'e as model systems in 
basic and applied research, and as grafts to replace 
diseased or damaged parts of the human body. For 
example, scientists have actually been able to grow 
skin cells and apply them as skin grafts that are 
particularly beneficial to bum victims. 

In these areas, NIH has a strategic commit- 
ment to: 

■ Focus research on discovering ways to improve 
cell activity' by manipulating the enzyme, trans- 
port, and regulatory' processes of the cell. 
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■ Develop “living tissue” equivalents such as an 
artificial liver, pancreas, and other artificial 
organs. 

Transgenic and Other Animal 
Models 

Many diseases and environmental toxins have 
effects on animals that are remarkably similar to 
their effects on humans. As a result, these “animal 
models” provide reliable systems for studying dis- 
ease processes and environmental toxins and for 
developing new' therapies. They can also become 
“bioreactors,” producing medically important 
proteins and can facilitate studies on cardiovascular 
control mechanisms, neonatal hepatitis, mental ill- 
ness, and drug addiction. 

Transgenic animal models are produced by 
recombinant DNA techniques that eliminate, 
replace, or modify specific genes, as well as trans- 
fer genes into the genome of a host. These ani- 
mals help researchers better understand the molec- 
ular abnomialities of acquired and inherited dis- 
eases that are caused by defects in single genes. 
With environmental and occupational exposures 
leading to increased incidence of genetic damage, 
transgenic animal models can provide insight into 
the nature of genetic damage as well as infectious 
diseases. For example, human immunodeficiency 
virus (HIV) infection with modified gene con- 
structs can be examined in transgenic animals to 
study the pathophy.siology of HIV-associated neu- 
ropathy, nephropathy, and the cachexia syn- 
drome. 

Bioengineering 

Advances in bioengineering are leading to the 
development of biomaterials, biosensors, biome- 
chanical devices and instrumentation, and bio- 
prostheses. For example, research is undenway to 
develop a bedside sensor system for monitoring 
blood and urine chcmisti7. Investigation in the 
area of biomechanics has produced gi eater under- 


standing of the nature of blood flow, joint move- 
ments, and locomotion, while providing the tools 
to design and manufacture such prostheses as arti- 
ficial hips, kneecaps, and dental implants. In the 
field of neural prostheses, research has resulted in 
the development of a cochlear implant that pro- 
vides some deaf individuals with the perception of 
sound. 

Sophisticated instrumentation has enabled 
scientists to identify and characterize human tissue 
and to restore sensation and movement to a 
degi'ee not thought possible a decade ago. One 
new system allows quadriplegics to grasp objects 
without assistance, and progress has been made on 
a prosthesis that may restore limited eyesight to 
the blind. 


Major Goals: Biotechnology 

AND Bioengineering 

■ Elevate the priority of research on devices, bio- 
materials, diagnostic tools and prostheses. 

u Develop improved biomaterials for orthopedic 
and dental use, replacement organs, and for 
nenmts system injury. 

■ Accelerate the clinical applications of biological 
response modifiers and monoconal antibodies. 

m Foster collaborations with the private sector and 
other government agencies with common interest 
in biotechnology. 

m Establish cross-disciplinary research training 
programs in bioengineering. 

m Dei>elop a strong, effective infrastructure for the 
production , maintenance, and supply of geneti- 
cally altered animals and other in vitro systems 
useful as models for disease and development. 

m Evaluate the feasibility of an Interinstitute 
Center for Medical and Biological 
Engineeering. 
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Immunology and Vaccines 



■ MUNE MECHANISMS, WHICH ENABLE THE BODY TO DEFEND ITSELF AGAINST VIRUSES, 
BACTERIA, AND OTHER FOREIGN ORGANISMS, ARE AMONG OUR BODY’S MOST REMARK- 
ABLE BIOLOGICAL STRENGTHS. ThE IMPORTANCE OF THE IMMUNE SYSTEM IN HEALTH AND DISEASE IS 


increasingly understood by a public that has wit- 
nessed the devastating consequences of AIDS dur- 
ing the last decade. 

The immunological tools of today — vac- 
cines, monoclonal antibodies, and cytokines — 
are employed across every field of biomedical sci- 
ence and throughout medical practice. Research 
in the area of irnmunologv' and vaccines has led to 
numerous clinical applications. 

Investment in immunolog)^ and vaccine 
research is the most cost-effective approach for 
preventing disease. In 1992 alone, more than 80 
percent of the world’s children were vaccinated 
against one or more common childhood illnesses, 
saving an estimated 3 million lives. Now the chal- 
lenge is even gieater; to develop a vaccine for 
AIDS and other complex diseases of the immune 
system — rheumatoid arthritis, myasthenia gravis, 
multiple sclerosis, and psoriasis — which mount 
an attack against the body’s own cells. 

The development of effective vaccines and 
interventions for these immune diseases will 
require greater understanding of how the immune 
system works, the pathogenesis of infectious 
organisms, and how the immune system can be 
manipulated to protect the body from disease. 
Vaccines against infectious disea.ses that predispose 
individuals to certain cancers are now within 
reach. Also at hand are vaccines that offer novel 
approaches to birth control and allergies. 


Cun-ent concerns about liability have delayed 
the development of several promising AIDS vac- 
cines. Manufacturers and researchers are finding it 
difficult or impossible to obtain insurance against 
AIDS vaccine-related injuries. Although NIH 
does not typically become involved in the later 
stages of drug development, these concerns 
require that NIH take a leadership role in sup- 
porting and advancing vaccine research. Initiatives 
to support this priority include: 

■ Vaccine Project Ai^aifist Hitnuvi Disease 

■ Un(ierstaiidifi<^ Host- Pathogen Interactions 

Vaccine Project Against Human 
Disease 

NIH recognizes the capacity of the biomedical 
research community to address urgent issues in 
vaccine development. To accelerate the creation 
of new vaccines and expand the science on which 
they depend, NIH proposes to establish a collabo- 
rative Vaccine Project Against Hnnian Disease. 
Capitalizing on an existing network of talented, 
dedicated investigators involved in vaccine and 
immunologic research, this initiative seeks to 
identify institutions with expertise and interest in 
human vaccine development. These scientists will 
form a consortium devoted to developing safe, 
effective vaccines for the following diseases: 
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Examining petri dishes con- 

lAlMNG BACTERIA INFECTED 
YtllH A MRUS LNC.IM ERED in 
RECOMBIN AM -DNA TECHNOL- 
OGY. 


■ New and Infectious Diseases — These 

diseases include HIV infection, which currently 
affects an estimated one to tw'o million people in 
the United States; tuberculosis, with a rising inci- 
dence in the United States; and sexually transmit- 
ted diseases. 


■ Cancer — Recent developments in cellular 
immunology and biotechnology have led to the 
development of immunization approaches for the 
treatment and prevention of cancer. Preclinical 
studies have demonstrated the effectiveness of 
recombinant vaccines for gastrointestinal cancers 
and melanoma. Research is also underway to 
develop a human papilloma virus vaccine to pre- 
vent cervical cancer. 


■ Imninnolo^ic and Allergic Diseases — The develop- 
ment of immunopreveiition therapies will benefit 
individuals with allergies, asthma, and autoim- 
mune diseases such as diabetes mellitus, multiple 
sclerosis, and lupus. 

An investment in immunology and vaccine 
research will translate into millions of lives saved 
— and millions of dollars saved — in health care 
and medical costs associated with these life-threat- 
ening diseases. 


Understanding H o s i - P a i h o c; e n 

I N T E R .A C I 1 D N S 

The human body cannot survive without the 
immune system, a complex, finely tuned network 
of molecular defenses such as lymphocytes and 
antibodies, which protect the body against foreign 
organisms, including viruses and bacteria. The 
immune system also plays an integral role in mon- 
itoring the emergence of aberrant cells that can 
produce the myriad cancel's. 

The immune system is intricately involved in 
many common and devastating diseases, including 
tooth decay, the common cold, tuberculosis, 
pneumonia, AIDS, rheumatoid arthritis, and 
lupus. Only through flindamental understanding 
of the immune system’s function and the mecha- 
nisms by which foreign organisms attack and 
invade host cells, .survive resistance, grow, spread, 
and move into new hosts, can scientists develop 
drugs and vaccines capable of selectively blocking 
infection or disease. In turn, these medical break- 
throughs promise to save the lives of millions of 
people in the United States and worldwide. 

Greater understanding of the mechanisms 
responsible for discrimination between self and 
foreign antigens, and how cells respond to differ- 
ent antigens, is critical if scientists are to continue 
expanding our understanding and treatment of 
autoimmune diseases and cancer. Scientists must 
also learn more about the protective mechanisms 
of the immune system. With such advances, it will 
be possible to safely manipulate the immune sys- 
tem to prevent and treat disease. 


Critical Science and Technology 


25 





> 



In this area, NIH supports basic research to 
further understand the pathogenesis of disease and 
the interactions between the host cell and the 
pathogen — the foreign organism — that lead to 
health or disease. Among its research priorities are 
the following: enhancing understanding of the 
molecular basis of antigen recognition, function, 
and regulation; examining age-related changes in 
immune cell function and regulation ot the 
immune response; studying gene regulation in 
immune cells; and developing vaccines against 
specific diseases and conditions, including the use 
of vaccines in fertility regulation. 

Historically, vaccine development has relied 
on the identification of an antigen, usually a pro- 
tein or carbohydrate capable of stimulating an 
immune response, that could be used to prepare a 
vaccine. The biotechnology revolution has given 
new life to vaccine development, opening the 
door to an array of new “engineered vaccines 
that are safe and effective, such as those envisioned 
by the Children’s Vaccine Initiative. The number 
of infections and other diseases affecting both chil- 
dren and adults that can now be prevented or 
treated using vaccines is large and continues to 
grow. Nonetheless, basic research into the process 
by which antigens prevent or treat disease must be 
strengthened. 


Major Goals: Immunology 

AND Vaccines 

■ Expand fundamental understanding of the 
immune system and its complex role in health 
and disease. 

m Develop more effective therapeutic approaches 
against infectious and autoimmune diseases such 
as AIDS, multiple sclerosis, and lupus. 

m IVork with policy makers in government and 
industry to resolve HIV and other vaccine lia- 
bility issues. 

u Launch the Vaccine Project Against 
Human Disease consortium. 
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Structural Biology 


■ HAPE. Form. Structure. These concepts are now moiu£ vital than ever in bio- 
medical RESEARCH AND THE EFFORT TO TREAT AND PREVENT HUMAN DISEASES. A NEW 
HYBILID OF SCIENTIFIC ENDEAVOR “STRUCTURAL BIOLOGY” BLENDS PHYSICAL AND BIOLOGICAL 


research in remarkable and beneficial ways. We 
now have the ability to visualize in precise detail 
the three-dimensional molecular architecture of 
proteins and other biologically important mole- 
cules, providing ciitical insights into their func- 
tion. Such insights can speed the development of 
vaccines to prevent devastating viral infections 
such as AIDS and drugs to arrest cancer and other 
killer diseases. Structural biology', which underpins 
all areas of NIH-supported biomedical research, is 
a linchpin in U.S. biotechnology’ research efforts. 

NIH is undertaking a Htiinan Cell Initiative to 
describe, in complete detail, the macromolecular 
and supramolecular structure of the human cell. 
This complements the interinstitute collaborations 
in cell biology (see page 30). An understanding of 
cell structure is a critical step in defining the para- 
meters that regulate cell function and how defects 
in the macromolecular assembly lead to disease. 
Ultimately this knowledge will be translated into 
new therapeutic approaches. 

Through the proposed Hmnan Cell InitiativCy 
NIH will make a strategic commitment to 
advance understanding of the function of proteins 
and other molecules, develop instruments and 
technologies in the field accessible to scientists, 
and enhance computer-based technologies to 
facilitate research in this area. In effect, the Human 
Cell Initiative builds upon the Human Genome 
Project by exploring, from a broader perspective, 
how cells function. There are three components 
to the Human Cell Initiative: 

m Macromolecular Assembly Systems 

■ Stmeture-Based Dmg Design 

■ Technology and Instrumentation 


M A C R O .M O L E C U L A R A S S E M B L Y 
S Y STEMS 

For life to exist, its building blocks — including 
proteins and nucleic acids — must combine into 
more complex structures. Understanding the 
structure and function of such “macromolecular 
assembly systems” will assist in understanding cel- 
lular processes, paving the way for new clinical 
therapies for a spectrum of diseases. This initiative 
exploits the current revolutions in molecular biol- 
ogy and genetic engineering. Technologies that 
can produce large amounts of proteins for exami- 
nation by X-ray cry^stallography, together with the 
increasing power of the techniques of structural 
biology, will further our understanding of the 
molecular interactions involved in the binding of 
proteins with other biopolymers. Determination 
of the stRicture of macromolecular a.ssemblies will 
require adapting existing technologies and devel- 
oping new ones. 


C R I T I C A 


S c I E N c r AND Technology 


27 



Structure-Based Drug Design 
Knowledge of the three-dimensional structure of 
a pharmacologically significant enz^^me or recep- 
tor site can accelerate the discovery' and enhance- 
ment of therapeutic drugs. An effective treatment 
for disease may result from combining this knowl- 
edge with computer modeling programs to pro- 
duce chemical structures that inhibit molecular 
dysfunction with enhanced specificity. 

Technological advances in X-ray crystallog^ 
raphy and nuclear magnetic resonance spec- 
troscopy have far-reaching implications for the 
design of structure-based drugs. For example, 

X-ray crystallography enabled scientists to deter- 
mine the complete, three-dimensional architec- 
ture of the virus that causes the common cold 
(rhinovirus). This finding raises the possibility of 
synthesizing a molecule that would block the rhi- 
novirus by binding to its receptor site, thereby 
preventing it from attaching to its target cell. This 
could lead to an effective therapy for the common 
cold. 

NIH recognizes that further advances in 
structure-based drug design will require, among 
other critical resources, improved methods of 
recombinant DNA technology for cloning and 
producing large quantities of target proteins; 
advanced separation and synthesis capabilities to 
purify these proteins; greater availability and access 
to sophisticated research technology in individual 
laboratories; and national or regional facilities that 
aUow scientists to view and study the three- 
dimensional structure of biologically important 
molecules. 



Technology and Instru.mentation Computer-gener.ated 3-D 
A series of new technologies and highly sensitive image oe protein molecl le. 

instruments have advanced our understanding of 
the molecular basis of cellular function and break- 
down. X-ray diffraction analysis, synchrotron 
radiation and x-ray crystallography, nuclear mag- 
netic resonance, mass spectrometry, and electron 
microscopy have revealed the structures of pro- 
teins, nucleic acids, and macromolecular assem- 
blies. Other new approaches have now breached 
the limits of classical diffraction optics. 


/ 
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Smictural biolog>' remains fmnly based on 
research in individual laboratories, but it is becom- 
ing increasingly clear that advances depend on 
expensive technologies and, thus, collaboration 
among research gi'oups. Some capabilities can be 
provided only through national or regional facili- 
ties because of cost or complexity'. Many other 
essential technologies are initially developed at 
major centei'S and later become accessible to indi- 
vidual laboratories. Nevertheless, new instruments 
and technologies must be available, if only on a 
centralized basis, for the recent achievements in 
structural biology' are to continue. Accordingly, 
we must develop the means to create and extend 
these techniques of structural biology'. 


Major Goals: Structural 

Biology 

■ Des{(in and establish the Human Cell 
Initiative 

■ Enhance availabilitY of research technology, 
both in indiuidnal laboratories and through 
national or regional facilities, and access to high- 
peformance computing and communication. 

■ Develop methods for obtaining suitable crystals 
of target proteins, particularly those that are 
associated with the cell membrane. 

m Intensify research in the application of nouel 
instrumentation and computational techniques 
to structure-based design oj new drugs. 

m Efdiance training of investigators capable oj 
bridging the nuiltidisciplinary approaches of 
structural biology — applied physics, chemistty, 
electrical engineering, computer science, biochem- 
istry, and biology. 

m Establish and expand databases if solved pro- 
tein structures, readily accessible to investigators. 
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Cellular and Integrative Biology 



Ht CELL IS A FUNDAMENTAL UNIT OF LIVING MATTER. AlC^NE AND IN CONCERT WITH 
OTHER CELLS, H PERFORMS ALL THE FUNDAMENTAL PROCESSES THAT MARE HUMAN LIFE 
POSSIBLE. An EXPLOSION IN OUR UNDERSTANDING OF THE BIOLOGY OF THE CELL HAS LAID THE 


gi-oundwork for novel ctlective interv’en cions to 
prevent and treat disease. 

Our capacity to use and manipulate cells in 
the treatment of disease requires greater under- 
standing of how cells grow and proliferate, how 
they dilTer from one another, how they interact 
with one another to form tissue and organs, and 
how they respond to the environment and other 
oLitside influences. Two areas of pnmar\' impor- 
tance are cell biolog\’ and the neurosciences. 

A complex problem tor scientists, only now 
beginning to yield new research approaches, is to 
understand how a single, undiflerentiated cell 
miraculously develops into a complex human 
being. NIH believes research in these areas will 
lead to new therapies for disease — some predict- 
ed, some hoped for, some presently unimagined. 

Equally complex is understanding the basis 
for acquiring, processing, storing, and retneving 
information by the central nervous system. This 
information will profoundly affect our ability to 
understand the fundamental processes of senson 
perception, learning, cognition, behavior, and 
memoi'y. It also wall ser\’e as the basis for new 
approaches to .sensor>' deficits, learning disabilities, 
memory-' disorders, coordination and movement 
disorders, and behavioral and psychiatric prob- 
lems. 

Research initiatives of strategic importance to 
NIH include: 

■ luicyiiistitmc Colldhoyations in C2cll Biology 
mHinihjn Biaifi liiitiadve 


I N T E R 1 N S T ri U T E C L L A B (.^ R A T 1 O N S IN 

Cell Biology 

As the structural unit of biology', the cell is central 
to the study of the physiology' and pathology' of 
the human body. The field of cell biology seeks to 
describe biological processes w’ithin the context of 
intracellular structures and interactions. Cell biol- 
ogy explains the functions of gene products; illu- 
minates the processes that deteniiine the grow'th. 
differentiation, and aging of cells and organisms; 
and enables us to understand and manipulate the 
interactions of an organism with its environment. 
Cell biology' is, in fact, fundamental to the 
research conducted and supported by all of the 
institutes of the NIH. 

The NIH intramural progi'am, w'lth its 
unique capacity to draw' on the know'ledge and 
talents of a diverse group of scientists interacting 
w'ith one another in a single location, intends to 
be a major center tor the study of the cell. As part 
of the HnntiVi Cell Initiadrc Interinstitute Collab- 
orations in cell biologN’ will be established that w’ill 
sei-ve as a focal point for discoveiy, training, col- 
laboration, and resource shanng by intramural sci- 
entists, eventually from all of the institutes. This 
trans-NIH initiative w'ill embrace the research 
activities of several institutes and will allow' inves- 
tigators to translate their discoveries in cell biolog\' 
into newv therapies and prevention strategies. 

The Hnnuin Cell Inidnfire also encompasses 
developmental biologN'. A better understanding of 
embry'ogenesis — cell development and special- 
ization — W'ill bring scientists closer to creating 
effective therapies for a w'ide range of human 
disorders. Insofar as this research expands our 
fundamental understanding of multi-cellular 
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communication and how cells interact to fomi tis- 
sues and organs, it may lead to new strategies for 
repairing or replacing tissues and organs. For 
example, cell and tissue transplantation may help 
patients recover from injuries to the central ner- 
vous system, spinal cord, muscles, ligaments, 
skeleton, and other organ systems. In addition, 
cell transplantation may also prove efficacious in 
treating neurodegenerative disorders, such as 
Alzheimer’s and Parkinson’s disease, as well as 
mental illnesses, such as schizophrenia. 

Human Brain Initiative 
The 1990s have been proclaimed the “Decade of 
the Brain,’’ a time when scientists stand to make 
dramatic progress in understanding the complexi- 
ties of the brain and the nature of brain disorders 
that afflict millions of Americans. In this decade 
and into the next century, scientists are poised to 
increase understanding of the brain’s complex 
anatomy, chemistry, and function, and to develop 
new therapies aimed at preventing and treating 
brain disorders. 

The Hiinidn Bmiii Initiatve is designed to 
increase our understanding of the development of 
the brain and behavior across the life span. It is 
likely to yield new ways to help children over- 
come physical, emotional, and learning disabilities; 
free young adults from the ravages of mental, 
addictive, traumatic, neuromuscular, and sensorv' 
disorders; and allow the elderly to enjoy a fuller 
measure of health and independence. 

Becau.se of the wide range of conditions that 
can be traced to processes in the central and 
peripheral nervous systems, basic research in the 
neurosciences will be a central focus of this initia- 
tive. Opportunities include the function, organi- 
zation, and interaction of brain neurons and the 
genetic and environmental determinants of brain 
development, plasticity, and function. Resources 
will also be needed for long-tenn primate studies 
of pathological and compensatory changes, and for 


advanced imaging and modeling techniques. 
Research wiD also focus on the neural basis for 
sensoiy processing, learning, and memory. 


Major Goals: Cellular and 
Integrative Biology 

■ Establish interinstitute collaborations in cell biol- 
ogy within the intramural research program of 
NIH, which will provide centralized resources 
for macromolecular sequencini^ and synthesis, 
m Establish the Human Brain Initiative, which 
will include developii{if computerized models to 
elucidate the ori^anization and complex activity 
of the billions of brain neurons. It will also facil- 
itate the inte^qration of such fields as synthetic 
chemistry, cell biology, physiology, the neuro- 
sciences, imaging biophysics, and computation 
with molecidar genetics to accelerate basic 
research findings and clinical therapies, 
m Expand fundamental understanding of the 
architecture of cells and tissues, the biochemical 
basis for cell growth, and the genetic basis for cell 
development and differentiation, 
u Apply new scientific insights in embryogenesis, 
development, and cell specialization to clinical 
treatment of spinal cord injuries, diabetes, and 
Alzheimer* s and Parkinson *s disease, 
m Explore the feasibility of establishing extramural 
Interinstitute Specialized Centers of Research 
for Cell Biology. 
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Ci^iTicAL Health Needs 


The fivi'illh ol }iiitio}i< is iiioiv iiiipoil-.iiK tlhin ilic uriillh oj ihuions. 

1 } 'i II Drii A -V / , . i i'/< t .< .11. ii iOii.ni 


he NLirion's research enterprise nuist stren^rtlicn its ability to address current and einergine; 
public healtli needs. Nil 1 responds to these needs in two ways. Our traditional approach 
uses NlH’s individual institutes to address specific diseases and disorders, such as cancer, heart disease, and 
mental illness. Two new initiatives use this same disease-specific approach to address the emer^iULt threats of 
AIDS and drui^-resistant tuberculosis. A companion approach cuts across the instittues and centers to promote 
general health and disease prevention. 
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Part I : 

NIH Initiatives to Combat Disease through Its Component Institutes 

The institute structure is the primaiy means by which NIH responds to the critical public health needs 
that involve specific diseases and disorders. The following are the strategic components ot NIH: (date 
indicates year institute was established) 

N A 1 1 o N A I Cancer I n s r i r u r f. ( N C H ) ( 1 937) 

NCI leads a national endeavor to prevent and cure cancer. Newly discovered strategies include 
insertion of genetic material into target cells to convet inherited genetic en-ors or acquired mutations 
that have caused cancer or to confer new functions to cells for use in fighting disease. Promising 
new anticancer drugs such as taxol, an agent active against ovarian, breast, and lung cancer, are being 
tested, often in collaboration with industiy. Research is directed at learning to manipulate cancer 
genes, suppressor genes, cell cycle regulators and growth factors; developing anticancer vaccines; 
increasing understanding of environmental causes of cancer, including lifestyle and other factors; and 
implementing new approaches to prevent cancer through chemopreventive agents, behavioral inter- 
ventions, and other means. 

N A a 1 o N A L 1 N S r I T U 1 E O F M K N 1 A L HEALTH (NIMH) (1946) 

NIMH exerts leadership on behalf of all mentally ill citizens by creating a scientific loundation tor 
the clinical care of mental disorders; by developing innovative approaches to diagnosis, treatment, 
and prevention of mental illnesses; and, by translating that knowledge into practice. NIMH sup- 
ports basic brain research and clinical and serv'ices research into the biological, psychological, behav- 
ioral. and epidemiological aspects of mental illnesses, disorders that affect one out ot ever\' tour 
Americans. Past research has led to improved brain imaging technologies, new drug therapies based 
on brain neurotransmitter and receptor systems, better psychosocial treatments, and improved 
understanding of mental health ser\dces. Future research will target the genetic, molecular, behav- 
ioral, and environmental factors important in the development of mental illnesses and their treat- 
ments. 

National Heart, Lung, a.nd Bloiid Institute ( N H LB I ) ( 1 94 8 ) 

NHLBI provides leadership for a national research program in diseases of the heart, blood vessels, 
lungs, and blood and in transfusion medicine through support of innovative basic, clinical and popu- 
lation-based, and education research. Remarkable advances have enhanced our understanding of 
heart attack and improved its treatment; led to the development of .safe, effective therapy for respira- 
toty disorders such as respiratory' distress syndrome m infants; and improved our knowledge of 
hemoglobin, leading to better health for patients with sickle cell disease and Cooley’s anemia. 

Future research will focus on the genetic basis and gene therapies for a number of serious hereditary 
diseases, as well as factors that predispose individuals to develop cardiovascular, pulmonary% and 
blood diseases across the life span. 
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N A 1 I o N A L Institute of Dental Research ( N I D R ) ( 1 948) 

NII3R investigators study disease and disorders of the teeth, mouth, jaws, and face; the nonnal 
process of oral and facial development; and how oral health is related to general health. Prevention 
is the Institute’s highest priority. For example, the use of tlourides has vastly impiovcd the dental 
health of Americans. Recent research has identified the genes responsible for some forms of cleft 
palate and other birth defects, .is well as a factor involved in new bone growth. Goals for the future 
include the further reduction of dental and oral diseases through the .ipphcation of cell and molecu- 
lar biology technology to diagnosis, treatment, and prevention. 


National Insiitute of Diabetes and Digestive and 


Kidney Diseases 


(NIDDK) (1948) 

NIDDK conducts and supports research on many chronic and serious diseases that affect public 
health. Research areas recently emphasized by the Institute include the inolecul.ir biology of 
diabetes and cystic fibrosis; digestive diseases and nutrition; obesity and its relation to othei chronic 
diseases; fundamental and clinical research on osteoporosis; kidney diseases generally, and kidney- 
disease and hypertension in African Americans in particular; and urologic diseases such as benign 
prostate disease and interstitial cystitis. Successes in these areas position the Institute for future 
research that includes the genetics of diabetes, gene therapy for cystic fibrosis, mechanisms and 
treatment of obesity, and basic and clinical studies of urological disorders. 


NAllON.^L Institute op Ali.eroy and Infectious Diseases (NIAID)( 1948) 
Researchers at NIAID strive to understand, treat, and ultimately prevent the myriad infectious, 
immunologic, and aUergic diseases that threaten millions of human lives. Among their recent suc- 
cesses are development of an improved vaccine against whooping cough, methods to lower rejec- 
tion rates for transplanted organs, and development of treatments providing longer, better lives for 
people infected with HIV. Future goals include the development of vaccines against a number of 
infectious diseases, particularly childhood diseases, sexually transmitted diseases, and AIDS, as well as 
improved therapies for asthma and autoimmune disorders. 

National Institute of Neurological Disorders and Stroke (NINDS) 

( 1 9 .S 0 ) 

NINDS seeks to understand the brain and the neurological foundations of more than 600 disorders 
that strike .SO million Americans each year. Stroke, for example, is the third leading cause of death 
in the United States. In the past, NINDS has developed treatments for preventing stroke in patients 
with cardiovascular disease, controlling the early stages of Parkinson s disease, and improving lecov- 
cry after spinal cord injury. Targets for future research include the causes, prevention, and therapies 
for conditions such as Alzheimer’s disease, epilepsy, head injury-, and cognitive disorders. 


N Alio N A L 1 i\ S T 1 1' U 1 h OH GENERAL M E D I C A 1. SCIENCES { N I G M S ) { 1 9 5 8 ) 

NICiMS supports basic biomedical research that is not targeted to specific diseases or disorders. 
Among the most significant results of this research has been the development of recombinant ON A 
technology-, which forms the basis for the biotechnology- industiy. Other advances include 
improxed understanding of the relationship between protein structure and function, greater knowl- 
edge about the cell, and increased understanding of synthetic chemistiy. Research training is central 
to the institute s mission: NIGMS supports multidisciplinary training programs, as well as programs 
to train physician-scientists and programs to increase the number of minority biomedical scientists. 


F o G A K i X International Center for Advanced Study in the H e a l i hi 
Sciences ( F I C ) ( ! 9 6 0 ) 

^X/idespread transmission of infectious diseases, the emergence of nexx- and more virulent diseases, 
sky rocketing costs, and increasing demands for human resources have made international coopera- 
tion in biomedical research imperative. .As the organizational focus for NlH’s international activi- 
ties, FlC promotes collaborative research on the causes and prevention of diseases of global impact, 
such as AIDS and other emerging disea.ses; supports broader access to new information and tech- 
niques, such as molecular approaches to drugs and diagnostics; and takes ad\-antage of the opportuni- 
ties presented by geopolitical change, including regional initiatixx's in Eastern Europe, the fonner 
Soviet Union, and the dex’eloping world. 

National Insti i ute of Child FIealth and Human D ev elo p .m en i 
( N I C H D ) ( 1 9 6 3 ) 

NICHD research on fertility, pregnancy , growth, dev-elopment, and medical rehabilitation strixes to 
ensure that eveiy child is born healthy and xvanted, and groxvs up free from disease and disabilitv. 
Among NlCHl) di.scoveries are a genetic mutation that causes infertilitv and a vaccine that may 
eliminate a major cause of mental retardation and deafness in children. Future NICHl) goals 
include further reductions in infant morbidity' and mortality, improved ability to regulate fertility, 
and nexv rehabilitation techniques to compensate for physical and mental disabilities. 

National Institute of Environmental Health Sciences ( N IEH S ) ( 1 9 6 6 ) 

Human health and human disease result from three interactive elements: indix'idual genetic suscepti- 
bility'; environmental factors; and time. The NIEHS mission is to enhance the understanding of each 
of these elements and hoxx' they interrelate, thus leading to a reduction in the burden of human ill- 
ness and dy sfunction from environmental causes. Examples of diseases that have an environmental 
component in their etiology- include cancer, neurological deficits, respiratory disorders, and birth 
defects. NIEHS achieves its mission through a multidisciplinaiy biomedical research program, pre- 
x-ention and intervention efforts, and a communication strategy- that encompasses training, educa- 
tion, technology- transfer, and community outreach. 
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National Eyt. 1 n s n t u t e ( N E I ) ( 1 9 6 8 ) 

Diseases of the eye and visual system debilitate millions of Americans. N El-supported basic and 
clinical research has resulted in significant advances in the diagnosis, treatment, and understanding of 
eye diseases and vision disordei-s such as diabetic retinopathy, glaucoma, cytomegalovirus retinitis, 
ocular herpes, and retinitis pigmentosa. Future research into basic disease mechanisms may lead to 
the means ot preventing or delaying sight-threatening diseases of aging, such as age-related macular 
degeneration and cataract, or to more etTectivc treatments of disorders of the central visual pathways, 
such as optic and retrobulbar neuritis. 

National Institute of Alcohol Abuse and Alcoholism (Nl AAA)( 1 970) 

NIAAA is conducting research focused on improving the treatment and prevention of alcoholism 
and alcohol-related problems to reduce the enonnous health, social, and economic consequences of 
this disease. Its research program, encompassing a wide range of biomedical and behavioral disci- 
plines, has led to a number of recent scientific accomplishments in the neurosciences, genetics, and 
molecular biology, and to identification of fetal alcohol .syndrome. Future prioiities include the 
expanded study of genetics to identify the gene or genes that influence siLsceptibility to alcohol, 
development and as.sessment of new medications to reduce craving and prevent relapse, and expand- 
ed prevention studies and clinical trials ot combined psychosocial and pharmacological interx-entions 
to enhance treatment outcomes. 

N align A L Institute on Drug Abuse (N1DA)(I972) 

NIDA provides national leadership for research on drug abuse and addiction. NIDA re.search focus- 
es on the causes, consequences, prevention, and treatment of drug abuse and addiction, as well as its 
biological, social, behavioral, and neurological bases. Fast research has identified the discovery of 
endogenous opioid peptides and receptors, which led to the development of several drugs that block 
the effects of opiates and thereby allows for rapid and effective medically a.ssisted withdrawal. 

Kesearch will continue to include both the biological and behavioral bases of drug abuse to ficilitate 
the development of more eftective approaches to prevention and treatment. Special empha.sis will 
be given to halting the spread of HIV among drug abusing populations and providing effective treat- 
ment for pregnant addicts with minimal effects on the fetus. 

National Institute on Aging (NIA)(1974) 

NIA leads a national program of research on the biomedical, social, and behavioral aspects of the 
aging process; the prevention of age-related diseases and disabilities; and the promotion of a better 
quality of life for all older Americans. Major research advances have been made in specifying the 
molecular and genetic basis of Alzheimer’s disease; identifying a therapy that significantly reduces the 
incidence of stroke and cardiovascular disease in older persons with isolated systolic hypertension; 
and discovering a method to increase the accuracy of early detection of prostate cancer. Future 
research will target the molecular genetic basis of longevity and aging, and basic and clinical studies 
ot Alzheimer’s disease, frailty, osteoporosis, cancer, cardiovascular disease, and other age-related dis- 
eases and disorders. 
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National Institute t or Nursing R e s e a r c ei ( N I N R ) ( 1 9 8 6 ) 

Through NlNR-sponsorcd research, nurse-scientists are discovenng new ways to promote health, 
prevent disease, and minimize the effects ot illness and disability. Research has led to new 
approaches to patient care that lessen the adverse effects of chemotherapy, enhance the treatment 
and evaluation ot premature and low-birth-weight babies, and improve the quality ot life of 
Alzheimer's patients. Future research will focus on health promotion for children and adolescents, 
clinical problems in women’s health and long-tenn care, and prevention and treatment ot symptoms 
(e.g., pain and fatigue) that impair quality of life for patients and informal caregivers. 

National Institute of Arthritis and Musculoskeletal and Skin Diseases 
( N I A M S ) { 1 9 8 6 ) 

NIAMS supports basic and clinical research on the structure and function ofjoints, bones, muscles, 
and skin. Its research in rheumatology', bone diseases, orthopedics, dennatology, and sports medi- 
cine has led to breakthroughs in the diagnosis, treatment, and prevention of many ot the most debil- 
itating diseases, including osteoporosis, arthritis, and lupus. Future goals include identifying the 
genetic risk factors and molecular mechanisms associated with these disorders, and developing more 
effective prevention and treatment programs based on this fundamental knowledge. 

National Institute on Deafness and O r h e r C o m m u n i c a lu o n s Disorders 
{NIDCD)( 1988) 

NIDCD conducts and supports biomedical and behavioral research and research training on nomial 
mechanisms as well as diseases and disorders of heanng, balance, smell, taste, voice, speech, and lan- 
guage that affect 46 million Americans. NIDCD also supports efforts to create devices that substi- 
tute for lost and impaired sensoiy and communications functions and address the special problems of 
people with communications disorders. Considerable progress has been made on noise-induced 
hearing loss and viral infections of the inner ear, as well as sensory cell regeneration and acquisition 
of both signed and spoken language. Critical goals for future research include identifying the genes 
for hereditaiy hearing impainnent, stuttering, and dyslexia; providing early detection ot hearing loss 
in infants; making progress in the treatment of aphasia; and developing a vaccine for the prevention 
of middle ear infections. 

National Center for Human G e n o .m e Research ( N C H G R ) ( 1 9 9 U ) 

NCHGR is the NIH component of the Human Genome Project (HGP), a worldwide research 
effort designed to analyze the structure of human DNA and detemiine the location of the estimated 
100,000 human genes. HGP has already isolated the genes for several hereditary diseases, and since 
virtually every' component of NIH supports genetic research, the tuture fruits of this effort should be 
even more dramatic. Five-year goals include improved sequencing technology' to reduce costs, 
maps of human chromosomes, computer databases to provide wider access to research infomiation, 
and attention to the ethical, legal, and social implications of genome research. This Center is 
expected to evolve into the National Institute of Human Genetics. 



Addressing Emerging Health Crises 


To augment the institute efforts, NIH has also used other mechanisms to combat the disease-specific 
emerging health crises of AIDS and drug-resistant tuberculosis. 

Office of AIDS Research 

The NIH OfTice of AIDS Research (OAR) has been given broad new legislative authonty to 
orchestrate a fully coordinated research assault on AIDS. Working closely with the institutes and 
outside experts, OAR will develop a strategic plan to guide NlH’s HIV-related research efforts. 
That plan will address emerging scientific opportunities; reflect and respond to the changing demo- 
graphics of the epidemic; integrate basic, clinical, and behavioral research; and further the pnnciplcs 
contained in the NIH Strategic Plan. The OAR plan will be regularly updated and will form the 
framework for annual budget formulation. 

The expanded authority is intended to improve NIH’s response to scientific opportunities and 
gaps in knowledge. OAR will establish coordinating groups for each of the various research disci- 
plines: etiology and pathogenesis; natural history' and epidemiology; therapeutics; vaccines; and 
behavioral research to assure coordination of research across the institutes. These efforts will be 
tightly linked to a consolidated annual AIDS budget that will be transmitted directly to the 
President. 

This congressional mandate also gives OAR authority to hire research personnel needed to 
conduct a wide range of AIDS-related research activities within the institutes. Moreover, a discre- 
tionary fund for AIDS research will provide OAR the capability to respond rapidly to emergencies 
and critical gaps in research. 

With the new flexibility and added authority' of OAR, NIH can design and implement com- 
plementary research initiatives that help the Nation and the world address this deadly public health 
crisis. 
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Drug-Resisiant Tuberculosis 


The NIF-I research entei*prise needs budgetaiy flexibility' to respond rapidly to emerging threats to 
public health. NIH's research strategy- to combat the threat of drug-resistant tuberculosis (TB) 
marks the first use of NlH's emergency budget reallocation authority to respond to a health crisis. 

After decades of decline, there has been a resurgence in the incidence of TB in the United 
States. Over 26,{)(){) active cases were recorded in 1991 , up 18 percent since 1985. As many as 
1 5 million Americans have latent infections that could be reactivated, and because the TB 
bacillus is so easily transmitted through airborne droplets, everv'one is potentially at nsk to con- 
tract this disease. Especially troubling is the appearance of new strains of the disease that are 
resistant to drugs used in the past. 

NIH has responded to this public health threat with a comprehensive research strategy': 

Basic Biolo{^ical Research — Targets include the mechanisms by which Mycobacterium tuberculosis 
causes disease, the factors involved in latency and reactivation, the mechanisms of drug resistance, 
and development of new diagnostic tools, new therapies, and drug-delivery systems. 

CHiiical Trials ami Populatiofh Based Studies — Additional clinical trials will be initiated to evalu- 
ate dnigs and other inteiwentions for classic TB and ding- resistant TB. 

I dcciuc Deuclopnieut — The current TB vaccine is unreliable, and it causes a false positive TB 
skin test. NIH will e.xpand efforts to develop new TB vaccines. 

Compliance Research - Behavioral methodologies must be developed to ensure that patients 
complete their treatment regimens and to prevent the emergence ot further drug-resistant 
strains. Special measures may be needed for populations such as drug addicts, who have the 
highest incidence of HIV and the lowest level of compliance in the absence ot intervention. 

Traiuiu^ and Facilities — A new cadre of biomedical researchers must be directed toward this 
cfTort through retraining and career development. These investigators will need special labora- 
tories designed to prevent release of airborne, infectious agents. 

Hducating Fiealth Care Workers and the Public — The public education campaign must be aimed 
at the general public and vulnerable populations, including health workers. 
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Part II: 

NIH Initiatives to Promote General Health and Disease Prevention 

Many critical health needs are broader and more general than a single disease or disorder. The 
Strategic Plan identifies major cross-cutting areas of basic and clinical research that are crucial to 
NIH’s mission of improving general health and preventing disease. The following areas of emphasis 
and initiatives, which demonstrate NIH’s strong, unified approach at the trans-NIH level, will 
enhance our ability to address cuiTent and emerging threats to public health. 
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Basic Biology Related to the Environment 



HK E.WTRONMEN'I , OUR GHiNE7TC MAKEUP, AND TIME INTERACT TO DETERMINE OUR PRE- 
DlSPOSmON TO GOOD HEALTH OR DISEASE. UNDERSTANDING HOW IHESE FACTORS 
CONVERGE AND THEIR CONSEQUENCES FOR HUMAN HEALTH IS VITAL IN REDUCING THE RISK AND 


incidence of disease and in developing strategies 
for prevention and inteiwention. 

Environmental factors include diet, natural 
chemicals, radiation, micro-organisms, stress — 
even the socioeconomic conditions in which peo- 
ple live. Understanding how these environmental 
elements influence health is enormously compli- 
cated by genetic factors. Our genes detemiine 
our susceptibility to various environmental agents 
and their ability to disrupt biological activity' in 
the human body. These susceptibilities rise and 
tall at various times in the life cycle. For example, 
environmental agents that produce genetic disor- 
ders during fetal development are benign at other 
times of life. 

The complex interaction between environ- 
mental and genetic factors makes it essential that 
NIH commit its resources to research that 
explores this interaction at its most fundamental 
level — genes and the proteins they encode. 
Specific research initiatives of high prionty for 
NIH include: 

B Ejects of Fifii'ironiiiattal Aj^eitts on Ccncs and Gene 
Products 

■ Enidroninental Ejects on Cell Finiction, 
Coniinnnicatioti, and Regulation 

■ Eni'ironiuental Ejects on Integrated Biolojcal 
Systems 

m Indiuidual Susceptibility to Enrirotnuentally Caused 
Diseases and Dysfunctions 


Effects of Environmental Agents 
ON Genes and Gene P r o d u c r s 
Genes, the basic building blocks, of cell function, 
direct all biological events from conception to 
death. When DNA is damaged, gene function 
may be impaired, and with it human health. 

Birth detects, cancer, neurological dysfunction, 
infertility, and immune dysfunction are among 
thousands of disorders and diseases associated with 
genetic flaws. 

Scientists have identified numerous environ- 
mental agents, such as chemicals and radiation, 
that interact with and damage DNA. Yet linking 
these agents to specific diseases is complicated bv 
the fact that considerable time can elapse between 
exposure and the actual appearance of disease. 

NIH supports research on a broad spectrum of 
disea.ses and disorders suspected of having a poten- 
tial environmental component. Such efforts will 
not only identify harmful environmental agents, 
but also help to reduce or eliminate the risk of 
exposure. 

E .N V I R O N M E N T A L EFFECTS O N C E 1 . 1. 
Fun c: r ion, Co m m u n i c a i i o n , and 
R E G U L A T 1 O N 

The '‘genetic model” has proven valid for 
explaining the role of some environmental agents 
in diseases such as birth defects and cancer. 
However, many chemical teratogens and carcino- 
gens interact, not with DNA, but at the next level 
ot cellular organization — the protein encoded by 
an individual gene. Identify’ing the role of indi- 
vidual protein messengers and receptors in cellular 
functions may help us to explore the ability' of 
environmental chemicals to interact with these 
critical proteins in a host of diseases and dysfunc- 
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tions, including infertility, birth defects, neurolog- 
ical disorders, immune dysfunctions, and chronic 
disease. 

Environmental Effects o n 
iMLORAiED Biological Sysll.ms 
Once we have improved our understanding of the 
basic building blocks of molecular and cellular sys- 
tems and their interactions with environmental 
agents, we must integrate these single systems into 
multisystem studies. Understanding the interde- 
pendence among systems is particularly important 
in studying the environmental causes of disease. 

An environmental agent that adversely affects one 
organ system can secondarily affect other organ 
systems that communicate with it. 


E N \ 1 K . ' N M E N 1 A l 1 ^ C A C S F DISEASES 
AM> D SLl N C I O' N 

Scientists have growing evidence that individuals 
react in widely different ways to environmental 
chemicals. Genetics, gender, age, underlying 
chronic disea.ses, and nutrition must be explored 
to detennine their impact on enhancing environ- 
mental diseases or protecting an individual from 
the effects of environmental agents. Collaborative 
research, involving epidemiologists and molecular 
biologists, is needed to evaluate the factors respon- 
sible for individual variations. Such research 
promises to improve our ability to prevent health 
problems caused by exposure to environmental 
agents, as well as to identify those individuals who 
are at greatest risk. 


Major Goals: Basic Biology 

Related to the Environment 

■ Attract more extramural investigators into the 
field of environmental health scietices by tripling 
the portfolio of individual investigator grants 
within three years. 

■ Establish a Mouse Genome Project, DNA 
Bank, and Disease Registry that will collect 
and collate information gaterated by research on 
the effects of environmental toxitis on DNA. 

m Identify the critical genes and gate products, cel- 
lular receptors and pathways, multisystem per- 
turbations, and individual factors that are 
involved in the environmental contribution to 
dysjiinction leading to human disease and dis- 
ability. 

■ Establish an emergency response mechanism to 
address neudy identified environmental threats. 
This would indude mobilizing resources unthin 
and outside NIH in a coordinated fashion. 
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Behavior and Health 



EHAVIOR AND LIFESTYLE FACTORS, FROM DIET AND SMOKING TO SEXUAL PRACTICES AND 
ALCOHOL ABUSE, CONTRIELTE TO MAJOR PUBLIC HEALTH PROBLEMS IN OUR SOCIETY. In 


FACT, LIFESTYLE FACTORS UNDERLIE THE 10 LEADING CAUSES OF DISEASE AND DEATH IN THE UNITED 


States, including heart disorders, cancer, diabetes, 
and sexually transmitted diseases including AIDS. 
Behavior is linked to disease in several ways: as its 
cause or as a risk factor (e.g., alcohol, drugs, 
smoking); as a co-factor in its progi*cssion; as a 
consequence ofiOness when depression, anxiety, 
or substance abuse may also occur; and as a 
method of treatment and prevention. 

Mental and addictive disorders, neurological 
diseases, sensory’ and communication deficits, and 
developmental and aging problems underscore the 
influence of the brain on behavior and health. 
These complex public health problems point to 
the need for multidisciplinaity approaches that 
combine the knowledge and techniques of molec- 
ular biology’, structural biology, the neurosciences, 
and the behavioral sciences to increase our under- 
standing of human behavior and how it affects 
health and disease in the United States. 

Initiatives in the area of behavior and health 
include: 

■ Neuroscience and Befiarior 

■ Belhii'ior and Health the Life Span: 

Biobehaidoral Medicine 

Neuroscience and Behavior 
An estimated 75 million people are affected each 
year by disabilities and disorders that involve the 
nervous system. The people who have these dis- 
orders, and those who care for them, carry a great 
emotional and economic burden. Our goal is to 
develop better ways to diagnose, prevent, and 
treat the broad spectrum of diseases that compro- 
mise the nerv’ous system, including schizophrenia, 
depression, Alzheimer’s disease, Parkinson’s dis- 
ease, and stroke. 


The brain is still a mysterious organ. How it 
perfonns its myriad tasks is poorly understood. 
What is known is that the brain’s development 
and function require the coordinated expression 
of nearly half of our genes. We can look forward 
to a time in the not-too-distant future when all of 
these genes wiU be identified, but this alone will 
tell us little about the mechanisms underlying the 
regulation of respiration or cardiac function, not 
to mention emotions, language, learning, or 
memory. To unravel these mechanisms, we have 
to learn the role of each gene product in specific 
cells of the brain. For this reason, we must con- 
tinue to make a major investment in basic neuro- 
science. It is only by studying living ner\^e cells 
and intact animal or human subjects that molecu- 
lar building blocks can be incorporated into blue- 
prints depicting the organization and function of 
the brain. We need these blueprints in order to 
take advantage of the successes that molecular 
biologists have had in identifying genes responsi- 
ble for inherited diseases of the nerv’ous system. 

Neuroscientists are rapidly isolating the mol- 
ecules required for brain development, for the 
health and survival of brain cells, and for intercel- 
lular communication. How cells of the brain and 
different regions of the brain interact is becoming 
apparent. How visual infomiation is encoded, 
words are spoken, and limbs are moved is grow- 
ing clearer. 
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An NIH SCIENTIST prepares 
RADIOACTIVEI Y LABEI EED RNA 
SAMPLES. This technique can 
BE USED TO MEASURE THE 
EXPRESSIO.N OF GENES IN THE 
BRAIN. 


Intramural and extramural investment in 
neuroscience research must be expanded if we are 
to capitalize on these recent achievements. 

Growth of basic intellectual and physical resources 
— including the development of new technolo- 
gies, data bases, model systems, and fundamental 
insights on the operation of the brain — will carry 
neuroscience and behavioral research forward 
toward new treatments. 


Hehax iok and He.al ih Across i he 
Lite Span: Biobeha vioral 
Medicine 

Health issues are influenced by the stages of the 
human life cycle. For example, adolescence is a 
period in which some health behavior problems 
emerge, including eating disorders, substance 
abuse, smoking, unsafe sexual practices, and the 
rise in rates of mental illnesses. The repercussions 
for society are enonnous because unhealthy 
behaviors initiated during adolescence may result 
in higher mortality rates from addictive disorders, 
AIDS, heart disease, cancer, and other illnesses 
later on. Research must focus on the links 
between adolescent health and disease, beginning 
in childhood and spanning the entire life cycle. It 
is essential to clarify the biological, psychological, 
social, and environmental factors influencing 
behavior and health in order to develop coordi- 
nated public health strategies to solve these health 
issues. 

Homicide, assault, child abuse, violence 
toward women, and suicide arc among the most 
destructive forces in society. Homicide is the 
tenth leading cause of death in the U.S.; suicide is 
the eighth leading cause of death, and the third 
leading killer of the nation’s youth. Mental illness 
is present in more than 90 percent of all suicides, 
and research has already shown important links 
between the abuse of alcohol and other drugs and 
the incidence of aggression, violence, and self- 
destructive behavior. Working with these and 
other leads, NIH-supported scientists will contin- 
ue to explore the biological, environmental, and 
behavioral factors contributing to public health 
problems, and will develop appropriate interven- 
tions to prevent and treat these serious health con- 
cerns. In seeking to understand how healthy 
behaviors are established and maintained, it is 
important to consider how the individual, familial, 
social, and environmental contexts interact with 
relevant biological issues. 
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Biobehavioral medicine seeks to understand 
the relationship between behavior and physical ill- 
ness in order to find ways to maximize healthy 
behaviors and minimize damaging ones. It also 
includes the development and application ot both 
psychosocial and psychophannacologic interven- 
tions to prevent and treat disease. Over the past 
several years, tor example, gi'owing evidence doc- 
uments the communication between the immune 
system and the brain, and the production of neu- 
ropsychiatric symptoms in illnesses such as chronic 
fatigue syndrome, AIDS, some types of cancer, 
rheumatologic diseases, and endocrine and meta- 
bolic disorders. In addition, mental and addictive 
disorders are often found in people who have 
physical illnesses, providing evidence ot ailments 
that co-occur (comorbidity). This may increase 
morbidity' and mortality', but further studies are 
needed on the relationship of stress and illness to 
mental health and the effects of treating co-occur- 
ring mental and addictive disorders. 


Major Goals: Behavior and 

Health 

■ Euahiate the integration of the scientific and 
administrative functions of NMAA, NIMH, 
and NIDA into NIH within i2 months of the 
merger 

■ Establish a mechanism within the Office oj 
Disease Prevention to coordinate and promote 
trans-NIH efforts in behavioral medicine. 

m Assure participation of behavioral scientists in 
the Human Brain Initiative, (see page 3 1). 

m Expand and perfect the airay of animal models 
of human neurological disease. 

■ Establish brain imaging centers as regional 
research resources. 

m Establish a national patient registry of neurolog- 
ical disabilities and disorders. 
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Childhood Health and Mortality 



LSl'l lE DKAMAllC IMPROVEMENTS IN PL BLlC HEALTH AND MEDICAL CARE, EACH YEAR 
NTAPLY 40.000 INFANTS DIE BEFORE REACHING THEIR FLRSl BIRIHDAY. TO PRODUCE A 


NATION OF HEALTHY CHILDREN AND ADLTTS, EACH BABY MUST BE “'^ELL Bi>RN, VkTIlCH MEANS THAT 


each infant will be wanted and will receive appro- 
priate prenatal and postnatal care. 

We have the knowledge to overcome many 
of the factors that contribute to high infant mor- 
tality, but we have not applied this knowledge 
effectively across society. Research thus far has 
produced only partial solutions for such problems 
as toxemia, premature labor, low birthweight, 
perinatal infections, respiratory distress syndrome, 
and sudden infant death syndrome (SIDS). 

Many diseases have their origins in prenatal 
development, early childhood, and adolescence. 
One of NIH’s priorities is to identify genetic 
markers and characteristics of infant and child 
health that can predict health problems later in 
life. Another priority is to develop preventive and 
therapeutic strategies that capitalize on this knowl- 
edge and allow intervention early in life. 

New avenues of biomedical research have 
given us tools to explore the prenatal treatment of 
genetic disorders, to increase our knowledge of 
brain development and function, and to develop 
improved methods to screen infants for hearing or 
vision impairment. To promote healthy life, NIH 
is committed to these areas of research and others 
that promote the health of children and, ultimate- 
ly, of the Nation’s population as a whole. 

Research initiatives include: 

■ Prenatal Care, Labor, and Delivery 

■ Fetal and Neonatal Disorders 

m Childhood Antecedents of Adult Health and Disease 


Prenatal Cake, Labor, and 
Delivery 

The birth of a healthy baby depends in large mea- 
sure on the care its mother receives before con- 
ception and during pregnancy. A relatively new 
concept in care is preconception evaluation and 
counseling, made possible by increased knowledge 
of genetics and the availability of genetic counsel- 
ing, and improvements in the diagnosis and man- 
agement of such maternal conditions as diabetes, 
hypertension, and infection. 

Prenatal care affords an opportunity to inter- 
vene in such health-related behaviors as smoking, 
drug abuse, nutrition, and other factors that will 
affect the health of the mother and the developing 
fetus. This also is the best time to explore for 
genetic defects, intrauterine growth retardation, 
and other problems so the appropriate therapy, if 
available, can begin before or right after the baby 
is bom. 




Unfortunately, many women do not receive 
health care either before conception or during 
pregnancy. To address this concern, NIH is 
focusing on important behavioral research issues 
to detemaine how to encourage women to seek 
care during pregnancy, and continue health care 
visits throughout pregnancy, and how to ensure 
compliance with prescribed medical or health care 
regimens. 

Premature labor is another problem being 
addressed. Currently, two-thirds ot infant mortal- 
ity occurs in low-birth-weight babies, often as a 
result of premature labor. Understanding the 
mechanisms responsible for sustaining pregnancy 
and preventing labor is a critical step in develop- 
ing methods to stop the premature onset of labor 
and deliverv’. 

Feial and Neonxtal Disorders 
Fetal and neonatal disorders account for a growing 
percentage of infant deaths in the United States, 
with congenital abnormalities the leading cause. 
Some deaths have been linked to specific genetic 
defects, drugs, or environmental toxins, yet the 
etiology of the majority of cases remains 
unknown. 

Two-thirds of all infant mortality takes place 
in the first month of life. Causes include respira- 
tory distress syndrome, low birth weight, inade- 
quate supply of blood and oxygen to vital organs 
(especially the brain), and neonatal infections. 
Sudden infant death syndrome (SIDS) is the lead- 
ing cause of infant deaths after the first month of 
life. 



Intensified NIH-funded research efforts are 
needed to improve the techniques used to assess 
fetal well-being and detect fetal disorders; improve 
knowledge of the regulation of fetal growth; 
develop better noninvasive methods to assess pla- 
cental function and fetal growth; develop optimal 
methods to provide nutritional, respiratoity, and 
cardiovascular support to low birth weight babies 
and those suffering from manageable disordei*s, 
such as phenylketonuria; and elucidate the causes 
and underlying mechanisms responsible for SIDS, 
as w'ell as develop prognostic and diagnostic tests 
to identify infants at risk. 


A PREMATURE INFANT IS .MONI- 
TORED IN A NEONATAL INTEN- 
SIVE CARE UNIT. 
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Childhood Antecedents of Adult 
Health and Disease 
The infant who develops free of major medical, 
dental, and/or behavioral problems has the best 
chance of becoming a healthy and productive 
child and adult. Screening and inter\Tntion in 
infancy may do more than improve current 
health; they may also reveal the antecedents of 
disease and health in later life. Screening for 
vision or hearing deficits in infants may pemiit 
earlier intei'vention that will result in improved 
adult health. Successful fetal-to-fetal cell trans- 
plantation to correct genetic defects heralds a new 
and exciting approach to preventing many other 
disorders. New understanding of the effects of 
child abuse will prevent later physical, emotional, 
and behavioral dysfunctions. 

Since 80 percent of obese children become 
obese adults, we will try^ to develop genetic or 
metabolic screens to identify infants at risk for 
obesity later in life. Other nutritionally influenced 
conditions such as atherosclerotic cardiovascular 
disease, hypertension, certain fomis of cancer, and 
non-insulin-dependent diabetes mellitus probably 
have their onset in childhood. These conditions 
may also benefit from more extensive assessment 
and nutritional intervention starting in infancy. 


Major Goals: Childhood 

Health and Mortality 

■ Integrate activity ivitli the Human Genome 
Project to identify rapidly genes of potential 
applicability for prenatal /neonatal diagnosis and 
saeening 

■ Dei^elop new ways to assess fetal well-being and 
new fetal medical and surgical intervention 
strategies. 

m Reduce the Nation *s infant mortality rate 
through coordinated research strategies, including 
prevention strategies for SIDS and child abuse. 

u Decrease the incidence of congenital anomalies 
including those associated ivith genetic defects, 
toxic exposure, and maternal disease, and 
improve intewention to repair or ameliorate 
these conditions. 

m Establish a perinatal research branch in the 
District of Columbia and integrate the relevant 
activities of existing NIH research resources. 

m Develop genetic, metabolic, and behvaioral 
saeens to detect antecedents of adult disease, 
includuig mental illness. 
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Reproductive Biology 



HE ABILITY TO PROCREATE IS FUNDAMENTAL TO THE SURVIVAL OF THE SPECIES. As A 
RESULT, REPRODUCTIVE DISORDERS HAVE A CONSIDERAHLE IMPACT ON INDIVIDUALS AND 


SOCIETY, AS DO UNPLANNED AND UNWANTED PREGNANCIES. ReCENT ADVANCES IN MOLECULAR 


genetics, biochemistry', cell biology', and develop- 
mental models have catalyzed research on normal 
reproductive biology', development, and associat- 
ed diseases. We have identified a number of 
genetic defects, infectious agents, and toxins that 
have adverse effects on reproduction. These 
advances have also underscored the need for new 
approaches to contraception, complicated preg- 
nancy, infertility', and problems caused by such 
conditions as endometiiosis and pelvic intlamma- 
toiy disease. 

Support for multidisciplinary efforts covering 
clinical, epidemiological, basic biomedical, and 
behavioral research will enable NIH to delineate 
reproductive and fetal disorders; identify' the nor- 
mal and abnormal molecular mechanisms of fertil- 
ity' regulation; and, ultimately, develop medical 
and behavioral interventions to prevent and con- 
trol reproductive disorders, including sexually 
transmitted diseases. 

NIH research initiatives in reproductive biol- 
ogy' include: 

■ Contraccptire Development and Sexually Transmitted 
Diseases 

■ Infertility 

u Co})iplications of Pregnancy 


Contraceptive Develop.ment and 
Sexually Transmitted Diseases 
In 1923, the world’s population was 1.9 billion; in 
1985, it exceeded 5 billion. At the present rate, it 
will be more than 8 billion by the year 2023. 
However, population growth has slowed in coun- 
tries with high rates of contraceptive use. For 
example, in 1987, 92 percent of women of repro- 
ductive age and at risk for pregnancy in this coun- 
try used some fonn of contraception. For a 
majority' of U.S. couples, birth spacing has 
become the nomi. Fiowever, teenage pregnancy 
and sexually transmitted diseases (STDs) are still 
on the rise in major urban centers nationwide, 
and contraceptive use and development are inade- 
quate around the world. 

Many methods are too costly or complicated 
for worldwide application. In addition, existing 
options do not meet the needs of such people as 
very' young women, women smokers over age 35, 
nursing mothers, and men or women who for 
medical reasons cannot use current methods. 
Research is needed to develop new, effective, 
ine.xpensive, and widely acceptable contraceptive 
options for both men and women, including nat- 
ural methods of pregnancy prevention, suitable for 
global use. 
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A BLOOD SAMPLE FROM AN Odc proiTiising coiitraccptive approach inter- 

AlDS PA iitNT IS pRi PARED l ou fcrcs with mciosis, a process that occurs only in 
TESTING. spenn and egg cells. A singular advantage of this 

approach is that no other cells would be affected. 
More intense study is needed on this and other 
promising methods of birth control. In addition, 
new technology must be accompanied by 
advances in our understanding of the behavioral 
factors that influence sexual activity and contra- 
ceptive use. 

We must forcefully confront the “silent 
plague” of sexually transmitted diseases which 
threatens the health of women. Each year, 6 mil- 
lion women in the United States, half of them 
teenagers, acquire a sexually transmitted disease. 


One of these diseases, human papillomavirus, 
has a strong correlation with cervical cancer. 

Two and one-half million women acquire 
chlamydial genital infections each year. Because of 
delays in diagnosis and treatment of chlamydia and 
gonorrhea, some 1 million women are treated for 
pelvic inflammatory disease each year. The con- 
sequences of pelvic inflammatory disease include 
infertility, tubal pregnancy, and chronic debilitat- 
ing pain. Sexually transmitted diseases also put 
children at risk, with some 100,000 infants dying 
or suffering birth defects each year because of dis- 
eases transmitted during pregnancy or at birth. 

1 .N E t R T 1 L I T Y 

Infertility affects betwxen 35 and 70 million mar- 
ried couples around the world. In the United 
States alone, it is conservatively estimated that 2.3 
million married couples are infertile and that 
about 4.9 million women have an impaired ability 
to have children. The role of sexually transmitted 
diseases as a cause of female infertility speaks to 
the need for better prevention strategies. These 
include barrier techniques that afford protection 
against sexually transmitted diseases as well as 
pregnancy. 

Personal, familial, and societal costs aside, 
couples in this country spent more than $1 billion 
on infertility treatments in 1987. In the last 20 
years, physician office visits for infertility services 
increased from 600,000 to 1,350,000 per year. 

Unfortunately, up to half of the couples 
seeking fertility services will be unsuccessful in 
their attempts to conceive. Promoting reproduc- 
tive health and overcoming infertility rest on our 
understanding of what controls fertilization and 
development, and the nonnal mechanisms 
involved in regulating reproductive and develop- 
mental processes. 
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Complications of Pregnancy 
Spontaneous abortion and fetal injury affect a 
number of pregnancies. The causes ot early 
pregnancy loss include genetic ffetors, anatomic 
anomalies, endocrine problems, immunologic 
factors, and infection. 

Intrauterine infections are major contributors 
to unsuccessful pregnancies, and congenital intec- 
tions due to cytomegalovims, hei-pes simplex, 
syphilis, rubella, and toxoplasmosis can also pro- 
duce profound fetal damage and clinical manites- 
tations in infants. Fetal injuries can also be caused 
by environmental factors. Fetal alcohol syndrome 
is a pnme example of a developmental disorder 
due to in utero exposure. Drug use during preg- 
nancy can adversely affect the fetus as well. 

Toxemia and high blood pressure affect more 
than 1 0 percent of pregnant women and con- 
tribute significantly to both maternal and infant 
mortality. Severe asthma in pregnant women 
increases the risk of preterm birth, intrauterine 
growth retardation, neonatal hypoxia, and neona- 
tal mortality. Fetal and perinatal mortality is esti- 
mated to be between three and eight times higher 
in pregnancies of diabetic than nondiabetic moth- 
ers. However, the mechanisms by which asthma 
and diabetes exert adverse effects are not well 
understood. 


Major Goals: Reproductive 

Biology 

■ Imrease the number and acceptability of safe, 
effective contraceptive options, including a 
reversible contraceptive vaccine and improved 
barrier techniques. 

■ Expand midtisector collaborative contraceptive 
research and deifelopment programs involving 
government, university, and industry scientists. 

m Establish research programs to reduce the inci- 
dence of infertility, unplanned pregnancies, and 
sexually transmitted diseases. 

m Improve diagnosis and treatment of infertility. 
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Disease Control and Prevention 


■ ESEARCH TOWARD DISEASE PREVENTION AND CONTROL IS CENTRAL TO THE MISSION OF 

THE National Institutes of Health. All of the disease-oriented institutes 
HAVE A STAKE IN DISEASE PREVENTION. FOR EXAMPLE, NCI IS LAUNCHING A MAJOR STUDY TO 


determine whether the use of medical screening 
techniques and examinarions for the early detec- 
tion of prostate, lung, colorectal, and ovarian can- 
cers can ultimately reduce the incidence of disease 
and death from these malignancies. This trial 
promises to provide scientists and physicians with 
important answers about the effectiveness of regu- 
lar health care and early screening in the preven- 
tion of these life-threatening fonns of cancer. 

The Breast Cancer Prevention Trial, a prece- 
dent-setting effort in cancer prevention, was initi- 
ated by NCI to investigate the ability of tamox- 
ifen, a hormonal agent, to prevent breast cancer in 
women at significant risk for developing the dis- 
ease. The focus of this study is on decreasing the 
incidence of breast cancer, but tamoxifen’s impact 
on cardiovascular disease and on osteoporotic 
bone fracture also will be assessed. 

Integrated research programs on diet and fit- 
ness are vital in learning how to prevent disease 
and sustain good health. Although we have some 
understanding about the influence of diet and fit- 
ness on specific diseases, such as cancer, diabetes, 
osteoporosis, and atherosclerosis, more coordinat- 
ed NIH research efforts are needed to enhance the 
promotion of general health. 


A better understanding of the behavioral, 
biocheinical, and genetic factors predisposing peo- 
ple to substance abuse and dependency is essential 
in designing effective, innovative prevention 
strategies and programs. People who abuse alco- 
hol, tobacco, and drugs significantly increase their 
risk of premature death, not only from the toxic 
effects of these chemicals on the body, but also 
because they have a tendency to be subjected to 
other high-risk disease factors. Today, new studies 
are underway aimed at unraveling the role of both 
genes and the environment in the onset of alco- 
holism. 

Investment today in disease prevention and 
control will reduce the human toll and economic 
burdens of disease tomorrow. Research on 
behavior now encompasses studies of ways of 
encouraging healthful behaviors for treating con- 
ditions such as hypertension, diabetes, glaucoma, 
and TB that require long-term compliance with a 
specific regimen. Other research initiatives of 
high priority for NIH include: 

■ Proinotioti of General Health tltrou^(fh Diet and 
Fitness 

m Risk Factors, Early Detection, and Preventive 
Inten^entions 

m Tobacco, Drugs, and Alcohol 
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Promotion of General Health 
THROUGH Diet and Fitness 
Diet and fitness are the building blocks of good 
health for people of all ages. Children and adoles- 
cents need a healthy diet and activity to ensure 
normal growth and development, and to lay the 
foundation for a healthy adult life. For adults, 
proper diet and exercise can reduce the likelihood 
of obesity and chronic diseases such as heart dis- 
ease, hypertension, and cancer. By promoting 
good nutrition and fitness throughout the life 
span, NIH can make dramatic inroads in enhanc- 
ing quality of life and independence for the 
Nation’s rapidly growing population of older 
Americans. 

More research is needed to sort out conflicts 
in dietary and exercise recommendations that are 
confusing to the American public. NIH seeks to 
establish a program of research on diet and fitness 
that spans the spectrum from basic nutritional sci- 
ence to research on how best to promote and 
achieve health and fitness recommendations for all 
Americans. New research efforts will evaluate the 
effects of eating patterns on blood pressure and on 
the appearance of biological markers of athero- 
sclerosis. Particular attention will be given to the 
impact of increased fruit and vegetable consump- 
tion on the reduction of diet-related cancers and 
other diseases. Scientists also must expand their 
investigations into the effects of calcium and vita- 
min D intake and their interactions with hormon- 
al factors in preventing osteoporosis. Fitness 
research must encompass studies that further 
examine and identify methods for maintaining and 
increasing long-term involvement in physical 
activity, particularly among children and the 
elderly. 



Risk Factors, Early Detection, 
AND Preventive Interventions 
Healthy diets, good sanitation, the widespread use 
of vaccines, community water fluoridation, and 
early diagnosis and treatment of health problems 
are among public health practices that have dra- 
matically reduced the incidence of disease and 
extended the lives of countless individuals. Yet 
millions of people throughout the world continue 
to suffer from diseases and disabilities for which 
there are no known cures, including: atheroscle- 
rosis; certain cancers; chronic, degenerative kid- 
ney disease; diabetes; and many neurologic, senso- 
ry, and behavioral disorders, including conduct 
disorders in children and post-traumatic stress dis- 
order in adults. Collectively, these illnesses cost 
billions of dollars in health care expenditures, rep- 
resent major societal problems, and disproportion- 
ately burden the poor. 


A PATIENT UNDERGOES A 

“stress test*' on a treadmill 

ViHILE ELECTRODES MONITOR 
HIS CARDIOVASCULAR SYSTEM. 
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Current scientific knowledge and research 
tools are revolutionizing our understanding of the 
risks, causes, and progression of human disease and 
dysfunction. This expanding base of knowledge, 
particularly in molecular biology and human 
genetics, will lead to disease prevention and inter- 
vention strategies in the emerging discipline of 
molecular epidemiology. Our understanding of 
economic, demographic, social, and biological 
risks must converge to ensure that prevention and 
health education programs address the multiple 
influences on health and disease. 

Tobacco, Drugs, and Alcohol 
Abusers of alcohol and drugs arc at increased risk 
of premature morbidity and mortality not only 
because of the direct toxic effects of these sub- 
stances, but also because of concomitant high-risk 
lifestyle factors. Both active and passive exposure 
to tobacco smoke are associated with chronic lung 
disease, osteoporosis, and low birth weight. 

Development of effective methods to prevent 
smoking, drug abuse, and alcoholism and to help 
addicted persons recover are important to improv- 
ing the public health. A better understanding of 
the biochemical and genetic factors that predis- 
pose an individual to substance abuse and depen- 
dency is essential to the design of effective new 
preventive strategies. 


Major Goals: Disease Control 

AND Prevention 

■ Conduct research to resolve conjlicts and fill 
knowledge gaps in diet and fitness recommenda- 
tions. 

m Develop educational interventions for health care 
professionals, patients, and the public to promote 
general health. 

■ Develop innovative methods such as saliva tests 
to detect genetic susceptibility , risk exposure, or 
the early manifestations of preventable illness 
and disease. 

■ Coordinate aaoss institutes studies on the effects 
of genetic and environmental factors, behavior, 
nutrition, and/or physical activity on preventing 
disease and substance abuse. 
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Bionutrition: Strengthening the Science Base 


■ ODAY FIVE OF THE 10 LEADING CAUSES OF DEATH FOR AMERICANS ARE DIET-RELAT- 
ED, INCLUDING CORONARY HEART DISEASE, STROKE, DIABETES, AND SOME FORMS OF 

CANCER. Anorexia nervosa, an eating disorder that affects one percent of our 


adolescent girls and young women, also has a 
high mortality and morbidity rate. These statistics 
poignantly illustrate the need for scientists to 
investigate not only the relative significance of 
genetic and environmental factors contributing to 
disease, but also the long-tenn consequences of 
early nutritional experiences, as wcU as the effec- 
tiveness of disease prevention programs and strate- 
gies begun in childhood. 

Bionutrition research employs molecular and 
genetic techniques to study the metabolic and 
behavioral consequences of food or nutrients, and 
explores the fundamental role nutrition plays in 
health maintenance and disease treatment. This 
research encompasses studies on nutrients at the 
cellular level, the metabolic function of nutrients 
in living organisms including humans, and studies 
on gene-nutrition-environment interactions. 

The impact of the environment, from pollu- 
tants and stress to nutrients and radiation, figures 
prominently in understanding how these influ- 
ences shape our genetic and biological destiny. 
Alterations in the nutrients an individual receives 
can provide protection against a genetic liability to 
disease or, conversely, can lead to disability, pre- 
mature aging, or death. 

Nutritional sciences are critical to the health 
of the entire population, yet this field has been 
sorely neglected. NIH intends to elevate the 
nutrition sciences as a priority through a focused 
research initiative in bionutrition. A research ini- 
tiative in this area is: 

■ NIH Bioniitritiofi Initiative 


NIH Bionutrition Initiative 
The goal of the NIH Bionntrition Initiative is to 
apply the critical sciences and new technologies of 
basic biology to nutrition research questions. This 
initiative builds upon and interacts with research 
efforts underw'ay in such areas as the environment, 
behavior, childhood health, reproductive biology, 
disease prevention, and the health of women and 
underserved populations. The NIH Buvintrition 
Initiative will increase NlH's commitment to 
nutrition research and training, enhancing its abili- 
ty to provide timely, practical, comprehensive 
dietary guidance to Americans. 

Major Goals: Bionutrition: 

Strengthening the Science 

Base 

■ Expand the science base underpinning our 
knowledge of human nutrition. 

m Increase knowledge of nutritiofial inten'entions 
to prevent, cure, mitigate, or interrupt the pro- 
gression of nutrition-related components of afflic- 
tions such as heart disease, cancer, diabetes, and 
AIDS. 

m Use the science base to improve and refine health 
dietary guidance to achieve optimal health (see 
page 56). 

■ Establish an NIH Bionutrition Advisor]' 

Council as a focal point for training, research, 
and institutional collaborations under the NIH 
Bionutrition Initiative. 
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Chronic and Recurrent Illness, Rehabilitation, and Aging 


■ MERICANS NOW LIVE LONGER AND EXPECT MORE FROM THEIR LATER YEARS THAN EVER 
BEFORE. To MEET THESE EXPECTATIONS, SCIENTISTS MUST EXPAND THEIR KNOWLEDGE 
OF CHRONIC AND RECURRENT ILLNESS, REHABILITATION, AND AGING. RESEARCH INTO THE RISK FAC- 


ton and causes of physical and mental illness will, 
in turn, translate into therapies and programs of 
benefit to millions of older Americans. 

State-of-the-ait assistive devices and effective 
rehabilitation techniques are enabling people with 
disabilities to become more productive members 
of society. Yet greater progress is needed to fur- 
ther reduce the years of disability, increase the 
years of healthy life, and decrease the costs to soci- 
ety and the individual of chronic and recurrent ill- 
nesses. The direct and indirect costs of chronic 
diseases in the United States are staggering. For 
example, it is estimated that the direct and indirect 
costs of cardiovascular disease exceed $100 billion 
annually, and approach $80 billion for Alzheimer’s 
disease. Chronic conditions of mental illness, 
addictive disorders, and neurological diseases are 
responsible for over $300 billion in direct and 
indirect costs. 


Developments in molecular and stmctural 
biology, indeed in all of the critical science fields, 
will advance research on chronic and recurrent ill- 
nesses, rehabilitation, and aging. The multifactor 
nature of chronic diseases makes NIH’s goal of 
improving the lives of individuals with disease or 
disability a fomiidable challenge. Yet most 
researchers agree that funcrional decline is not 
inevitable. Through healthier lifestyles, careful 
application of promising medical therapies, and 
aggressive rehabilitation, a large segment of society 
can enjoy a better quality of life. 

This area of research will require interdisci- 
plinary efforts that bring together the best minds 
and resources from institutes across NIH and 
throughout its extramural community to address 
the complexities of these health problems. Major 
initiatives supported by NIH in this area of 
research include: 

■ Reducing Dependency and Coniorbidity from Chronic 
and Recunent Illness 

■ Improving Rehabilitation Science and Teclmology 

■ Understanding Aging 



Reducing Dependency and 
C o MORBIDITY FROM CHRONIC AND 
Recurrent Illness 
Chronic and recurrent illnesses exact a heavy 
human and financial toll on those afflicted, as well 
as on their caregiven and society. Directly or 
indirecdy, these chronic illnesses — cancer, 
Alzheimer’s disease, heart and vascular disease, 
diabetes, osteoporosis, arthritis, stroke and other 
neurological problems, mental illness, respiratory 
diseases, dental problems, gastrointestinal disor- 
ders, and allergies — affect every American. 

Many of them disproportionately strike women, 
minority groups, and other underserved popula- 
tions. Others affect relatively small numbers of 
individuals, but there are over 5,000 of these “rare 
diseases” that collectively afflict as many as 20 mil- 
lion Americans. 

Research into chronic illnesses poses com- 
plex challenges, involving intricate relationships 
among risk factors. Risk factors predisposing an 
individual to disease — physical, genetic, social, 
behavioral, or psychological — may occur many 
years before disease appears or may pose a risk 
only under certain circumstances. Scientists must 
take these many lifestyle factors into account, as 
well as consider the impact of physical and mental 
health on the onset and progression of disease. 

Caring for people with chronic illnesses is 
another critical issue that NIH seeks to address. 
The presence of one or more chronic diseases is 
common in older people. Research to improve 
and reduce the burdens of care, particularly for 
long-term illnesses, is imperative. These studies, 
some in progress, must address such issues as new 
and evolving forms of care and social support sys- 
tems for the chronically ill and their families. Of 
particular concern are AIDS, illnesses of the mus- 
culoskeletal system, schizophrenia, and dementias, 
which often leave individuals entirely dependent 
on family or an already overburdened health care 
system. 



I -M PROVING Rehabilitation Science 
AND Technology 

Between 35 and 43 million Americans have func- 
tional limitations as a result of disease or trauma. 
Nationwide, the incidence and general impact of 
disabilities are increasing, due to an aging popula- 
tion (there is a 50 percent chance that an individ- 
ual over age 75 will develop a disability); a grow- 
ing number of infants with congenital defects and 
impairments who are living longer; and an 
increasing number of disabled survivors of motor 
vehicle accidents, violence, and occupational 
injuries. As a result, rehabilitation research is 
becoming increasingly important to the Nation’s 
health. 


A PATIENT UNDERGOES A BRAIN 
SCAN USING MAGNETIC RESO- 
NANCE IMAGING OR "MRI” 
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Rehabilitation medicine is a rapidly growing 
scientific field. Individuals in rehabilitation medi- 
cine are forming partnerships with basic and 
behavioral scientists to unravel the underlying 
complexities of human function and behavior, 
and applying this knowledge to reduce the conse- 
quences of disease and disability. This collabora- 
tion will result in new treatment approaches to 
minimize further functional decline, and lead to 
improvements in assistive devices, behavioral 
methods, and psychological counseling needed to 
help individuals with disabilities achieve a fuller 
measure of independence. 

Understandincj Aging 
By the year 2000, the number of people age 85 or 
older is expected to double. In addition, there 
will be more than 65 million Americans age 65 or 
older by the year 2030. As never before, research 
on aging is vital, both to address the changing 
health problems of the elderly and to maximize 
their quality of life and independence. 

Research has .shown that the aging process 
varies greatly from person to person. A decline in 
health can often be attributed to external or self- 
induced factors, rather than factors intrinsic to 
aging. The notion that aging represents an inex- 
orable decline into dependency and incompetence 
is being dispelled. New interventions, from exer- 
cise and better nutrition to changes in physical and 
social environment, are being tested to help older 
Americans remain healthy and active. The larger 
goal of geriatrics research is to decrease the inci- 
dence, severity, and rate of progression of disease 
in older people. 


The most critical need in aging research and 
the one that holds the greatest promise is to 
strengthen vastly the fundamental science base. 
Research must sharpen its focus on the ceUular 
and molecular events intrinsic to human aging. A 
detailed understanding of cell and tissue senes- 
cence is critical to any preventive strategies or 
interventions directed toward the elderly. 


Major Goals: Chronic and 

Recurrent Illness, 

Rehabilitation, and Aging 

■ Expand fundamental knowledge of the molecu- 
lar and cellular biology of aging and age-linked 
cancers, vascular disease, mental illness, and 
neurological and immunologic decline in older 
people. 

m Determine the role of genetic and immunological 
factors in the development of chronic and recur- 
rent illness. 

m Identify through population studies the genetic, 
biological, psychological, social, environmental, 
and economic factors associated with both devel- 
opment of, and survival and recovery from, 
chronic, recurrent, and age-related diseases. 

m Develop improved methods of rehabilitation and 
long-term care. 

■ Develop sensitive, reliable indices of function 
and disability across the life span. 
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Health of Women 


OMEN LIVE LONGER I LIAN MEN. HOWEVER, THEY ARE MORE LlIsELY DURING THEIR LIFE- 
I IME TO EXPERIENCE ILLNESS OR DISABILITY. THE MENTAL AND PHYSICAL HEALTH OF 

American women has a direct bearing on the health of infants and children, and 



ultimately on the health of our Nation. 

Some diseases are unique to women, or more 
prevalent among women, and many others 
involve different risk factors and interventions for 
women than for men. In addition to enhancing 
research on conditions that affect women, it is also 
critical to include greater numbers of women in 
the biomedical and behavioral studies and clinical 
trials conducted or funded by NIH. 

NIH is committed to increasing knowledge 
about women’s health, from conception through 
old age. This NIH-wide commitment is embod- 
ied in a partnership between the Office of 
Research on Women’s Health and the institutes. 
NIH’s goal is to ensure that gaps in knowledge 
related to women’s health issues are addressed, and 
that a scientifically sound research agenda for 
women’s health is set in motion now and for the 
future. 

The objectives to be realized include: 
strengthening and enhancing research related to 
disease, disorders, and conditions affecting 
women; ensuring that women are appropriately 
represented in the biomedical and biobehavioral 
research studies supported by NIH; and develop- 
ing opportunities and support for the recaiitment, 
retention, and advancement of women in bio- 
medical careers. Research initiatives supported by 
NIH in women’s health include: 

■ Wofiieii 's Health Liitiatiue and Women 's Health 
Agenda 

■ Representation of Women in Biomedical Careers 


Women’s Health I n rr i a r i v e and 
W' o .M E N ’ s Health Agenda 
T he IVomen ’s Health Initiative, a landmark disease 
prevention and health promotion trial, will 
address the three leading causes of death, disabili- 
ty', and frailty among postmenopausal women: 
cardiovascular disease, cancers, and osteoporosis. 
This pioneering study will provide practical infor- 
mation that women and their physicians can use 
to promote optimum health. 

The initiative is being conducted in three 
parts: (1) a randomized, controlled trial that tests 
promising but unproven approaches to disease 
prevention, such as honnonal replacement thera- 
py, a low-fat diet, and dietary supplements; (2) an 
observational study to identify the predictors of 
disease; and (3) an investigation of community' 
approaches to develop healthy behaviors. This 
trans-NIH initiative brings together investigators 
from a majority^ of the institutes within NIH, the 
Office of Disease Prevention, Office of Research 
on Women’s Health, and women’s health advo- 
cates and community' organizations throughout 
the United States to collaborate throughout the 
duration of the study. In all, about 160,000 
women will participate in this 1 5-year study, 
which will prove invaluable in providing women 
and their health care providers much needed 
infonnation about the benefits and risks of differ- 
ent approaches to disease prevention. 
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Through the Women's Hcahh Agenda, NIH is 
pursuing the scientific knowledge to facilitate pre- 
vention strategies and clinical therapies to eradi- 
cate disease and improve quality of life for all 
women. To accomplish this goal, research is 
focusing on gaps in knowledge about women’s 
health across the life span. This includes better 
understanding of how specific diseases and disor- 
ders affect women of different ages and racial 
backgrounds. Among those targeted for intensi- 
fied research are infertility; contraception; sexually 
transmitted diseases, including HIV infection; 
mental diseases; cardiovascular diseases; connective 
tissue diseases, such as lupus and arthritis; breast 
cancer; and chronic pain. 

Representation of Women in 
Biomedical Careers 
To ensure that women are well represented in the 
biomedical sciences, their interest in and attraction 
to science must be nurtured and encouraged 
throughout all stages of their education, beginning 
in grade school and continuing as their careers 
evolve. 

The recruitment of women into science 
training programs has increased steadily, with 
women well represented in graduate studies in 
medicine, dentistry, nursing, and basic and behav- 
ioral sciences. However, women are still under- 
represented in leadership positions within these 
sciences. One of NIH’s highest priorities is to 
recruit and advance greater numbers of talented 
women in biomedical careers, individuals capable 
of making significant contributions to their fields. 


Major Goals: Health of Women 

■ Fund more research grants to study diseases, dis- 
orders, and conditions affecting women of all 
races and ages. 

m Pursue the Women’s Health Initiative. 

■ Ensure the clinical inclusion of women in clinical 
trials at NIH. 

m Expedite and enhance the dissemination of 
information resulting from wometPs health 
research to scientists, health care professionab, 
patients, and the public. 

■ Develop special training initiatives — especially 
at smaller colleges and minority institutions — 
to provide opportunities for young women to 
explore science as a possible career choice. 

m Expand opportunities for womai scientists and 
administrators, and advisors throughout the 
country, including at NIH. 
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Health of Minorities and Underserved Populations 


n lNORITY GROUPS REPRESENT LESS THAN ONE-QUARTER OF THE TOTAL U.S. POPULA- 
TION, YET THEY BEAR A DISPROPORTIONATE BURDEN OF THE COUNTRY’S MORTALITY 
RATES STEMMING FROM DISEASE AND VIOLENCE. UNFORTUNATELY, MANY MINORITY AMERICANS 


— African Americans, Hispanics, Asians, Pacific 
Islanders, Native Americans, and Alaskan Native 
citizens — are less likely than whites to live long 
and healthy lives. Likewise, underserved popula- 
tions such as the physically and mentally disabled, 
impoverished Americans, the homeless, and 
migrant workers have the poorest overall health 
and, in most cases, no health insurance. 

Minority and underserved populations also 
are unden’epresented in biomedical research as 
participants in clinical research and investigations 
of diseases that affect these groups. Equally 
important, these groups are underrepresented as 
investigators in the biomedical sciences. 

NIH recognizes the urgent need to close the 
health gaps between minorities and the remainder 
of the population, and to develop minority health 
and training programs in partnership with the 
minority communities. Research initiatives sup- 
ported by NIH in this area include: 

■ Minority Health Initiative 

■ Research Training for Underrepresented Mifiorities 


Minority Health Initiative 
There is a wide difference in infmt mortality' rates 
between whites and blacks. In 1989, there were 
8.2 deaths in 1,000 live births tor whites, com- 
pared with 17.7 for blacks. Minonty adolescents 
have higher rates of unintended pregnancy, sexu- 
ally transmitted diseases, homicide, alcoholism, 
mental illness, and unintentional injur\' than their 
white counterparts. For many minority' elderly, 
there is greater morbidity and mortality resulting 
from a higher incidence ot chronic diseases than 
for whites. 

To combat these serious problems, NIH has 
developed the Minority Health Initiative (see box, 
page 65). Its research efforts focus over the entire 
life span on health issues affecting the quality' of 
life and life expectancy of minority groups. New 
research programs are being established to identify 
risk factors, prevention strategies, and treatments 
for the health problems ot minonty infants and 
youth, with particular emphasis on the causes and 
prevention of low birth weight, infant mortality, 
and sudden infant death syndrome; prenatal care 
to minority women; effective ways to increase 
immunization levels among minority children; 
and the impact of AIDS, drugs, tobacco, alcohol, 
and mental illness on minority individuals of all 
ages. 

The Office of Minority Programs, created in 
1990 to coordinate NlH-sponsored minority' 
research and training programs, is responsible for 
implementing the Minority Health Initiative. 
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Health Initiatives 
Infant Mortality 

This initiative focuses on infant mortality and low birth weight infants through Washington, 
D.C.-based intervention trials to test improved methods of outreach aimed at early entry into 
prenatal care, social support, and behavioral change; studies also include perinatology research 
on nutrition, toxemia, premature labor and low birth weight. 

Children *s Health 

This component focuses on injury-related morbidity, lead poisoning, asthma, learning disor- 
ders, and vision and speech impaimient among minority children ages 1 through 9. 

Adolescent Health 

This project attempts to identify, implement, and evaluate behavorial interventions targeted 
for minority youths aged 10 to 24. The emphasis is on reduction of violence and the sequelae 
of sexual behavior. All of the projects are community- or school-based. 

Young Adults 

Projects focus on minority participation in periodic health screening and enhanced patient 
adherence to medical and behavioral treatment regimens. This component also includes stud- 
ies on environmental health and tuberculois. 

Older Adults 

This component focuses on factors affecting the severity and progression of chronic 
dfseases/conditions. Studies will examine the relationship of disease severity to specific types of 
functional impairment. 

Training Initiatives 

Regional Training and Research Centers 

In collaboration with NSF, these regional centers involve a consortium of academic institu- 
tions — minority and majority. Education, research, and research training activities will be 
supported at each center site. 

M.S./Ph.D. Bridge Program 

Many minority students who cam M.S. degrees in the biological sciences do not continue on 
for a Ph.D. This program provides support and encouragement for those students to continue 
their education, by fomially linking smaller M.S.-granting institutions with larger research 
universities. 

2-year /4-Year Bridge Program 

A substantial percentage of minority high school graduates continue their education at 2-year 
institutions. This program provides incentives and support for students to continue their edu- 
cation in the biomedical sciences at a 4-year school after acquiring their 2-year degree. 
Pre-College Inten>ention Program 

In a partnership with NSF, the NIH Office of Minority Programs wiU support middle school 
and high school academic enrichment programs in the biomedical sciences (e.g. biology, 
chemistry, etc.). 

Inteniational Research Program 

In partnership with the Fogarty International Center, this program provides for international 
research experiences for undergraduate, graduate, and postdoctoral minority students and 
faculty. 

Evaluation of NIH Minority Training 

The Office of Minority Programs will collect data from each of the institutes to determine the 
level of support for minority training programs at NIH, and also the impact of those programs 
in terms of the number of students and researchers in the “pipeline” who are supported by 
NIH funds. 


Research Training for 
Underrepresented Minorities 
Minority' Americans are underrepresented in the 
sciences. This is true in the pnvate sector, on uni- 
versitN' campuses, and in secondaiy school pro- 
grams. The United States’ best hope to secure its 
economic competitiveness in the world, provide 
adequate health care for all its citizens, and 
improve sociers''s general welfare is to diversiR 
its workforce. Achieving these goals requires 
greater access to higher education for minonty 
students. 

By the year 2()( Hf 68 percent of those enter- 
ing the Nation’s workforce will be minorities and 
women — groups traditionally undeiTepresented 
in the biological sciences. In 1990, 4,779 doctor- 
ates were awarded in the United States in the life 
sciences, but only 128 (3 percent) of those doctor- 
al degrees went to Hispanics, 91 (2 percent) to 
blacks, and 8 to Native Amencans. 

NIH recognizes that the problem begins at 
the elementaiy grade level and continues through 
graduate school. Thus, strategies must focus on 
the entire educational pipeline — from early 
schooling through graduate school and beyond. 
The Office of Minonty Programs is augmenting 
institute activities to increase the number ot 
minority' biomedical scientists through a range ol 
academic enrichment and research training pro- 
grams specifically targeted to minority' students. 

For example, NIH is promoting special pro- 
gi-ams at colleges and universities offering graduate 
and doctoral programs that will assist minority stu- 
dents in making a smooth transition from a master 
of science degi’ee program into a Ph.D. program. 
NIH also is collaborating with the National 
Science Foundation to support several academic 
enrichment programs for pre-college and under- 
graduate students. Often precollege programs are 
instrumental in encouraging minority' students to 
pursue science in college by aftording them the 
opportunity' to receive hands-on laboratoiy expe- 


rience and to explore career opportunities and 
challenges in the biomedical and behavioral sci- 
ences. 

By focusing gi'eater attention and resources 
on the entire educational pipeline, NIH's Office 
of Minority' Programs stnves to encourage greater 
numbers of minority' men and women to contin- 
ue their science education and pursue careers in 
the biomedical sciences. 


Major Goals: Health of 

Minorities and Underserved 

Populations 

■ Pursue the Minority' Health Initiative. 

■ Strei{\it}icn partnerships between NIH and the 
minority connnnnity to promote general health 
and disease prevention. This is crucial for minor- 
ity participation in clinical trials and the success 
of the Minority' Health Initiative. 

■ Foster and increase minority participation in 
clitiical trials and population-based sttidies across 
NIH. 

m hnprove instructional and enrichment activities 
in science for minority students and teachers. 

m Increase recruitment and retention of fiiinoiity 
biomedical scientists and administrators, intra- 
niurally and extramurally . 
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Intellectual Capital 
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Development of the Scientific Talent Base 



EOPLE, THE SOURCE OF ALL BIOMEDICAL IDEAS AND INSPIR^ATION, ARE INDISPUTABLY OLTR 
MOST PRECIOUS RESOURCE. MAINTAINING A CADRE OF TALENTED INDIVIDUALS IN THE 


BIOLOGICAL SCIENCES IS ESSENTIAL TO IMPROVE THE HEALTH OF THE PUBLIC AND SUSTAIN THE 


economic prosperity of our Nation. 

NIH’s role in nurturing the United States’ 
scientific talent base is played out through a vari- 
ety of innovative programs designed to support 
students from high school through postdoctoral 
training. It is during this stage that many students 
make a commitment to research careers. NIH’s 
goal to bolster the Nation’s intellectual capital 
includes attracting more women and members of 
minority groups to careers in science to ensure 
that research issues germane to these groups are 
addressed. 

The changing frontiers of science demand a 
broad understanding of scientific principles and 
practices, and of the implications of current dis- 
coveries on future research opportunities. To 
meet this challenge, NIH-supported research 
training increasingly spans many disciplines and 
academic departments. NIH must address current 
shortages of research personnel in fundamental 
research areas such as structural biology and ratio- 
nal drug design, and in clinical research. The ini- 
tiatives NIH has implemented to achieve this goal 
include: 

■ Support for Research Training and Career 
Development 

■ Research Flexibility 


Support for Research Training 
AND Career Development 
As NIH has come under growing fiscal con- 
straints, the training and career development com- 
ponent of our budget has been disproportionately 
affected. To address the Nation’s human resource 
needs and expand the base of its scientific talent 
— in both basic science and clinical research — 
NIH is committed to promoting career programs 
geared to sustain and strengthen our intellectual 
capital. It has reaffinned or instituted a number of 
innovative programs that, as a continuum of sup- 
port, are crucial to the intellectual base of the bio- 
medical research enterprise: 

National Research Service Award (NRSA) Research 
Training — NIH supports predoctoral and post- 
doctoral research training using research training 
grants to institutions and fellowship awards to 
individuals. These awards are designed to assist 
the development of graduate students and individ- 
uals in postdoctoral (M.D. and Ph.D.) training 
into independent and productive biomedical and 
behavioral scientists. 
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A CLINICAL PATHOIOGIST 
SCREENS AGAR PLATES EOR 
Pt.TENTIALLY PATHOGENIC 
ORGANISMS. 


NIH Research Career Awards — NIH uses research 
career awards to support mentored research expe- 
riences for individuals with clinical-professional 
degrees such as the M.D. and the D.D.S. 


High Risk /Innovative Research — This research 
program will support research that is considered 
high risk and whose exploration has the potential 
for high payoff. Investigators would submit an 
abbreviated application, stressing the novel aspects 
of the research. This award for $50,000 direct 
cost per year for two years will be nonrenewable 
and funded from an institute set-aside of funds. 

Administrative Supplements — NIH has established 
a program of administrative supplements to exist- 
ing research grants and cooperative agreements as 
a means of recruiting minorities at the high 
school, college, graduate, postdoctoral, and inves- 
tigator levels. 

Intramural Research Career Development — 
Intramural NIH supports the full spectrum of 
career development programs in basic and clinical 
research at the Bethesda campus. 


FIRST Awards — FIRST Awards support an 
investigator’s first independent research project, 
thus promoting the transition to an independent 
career in biomedical research. This program has 
become so competitive that recipients are often 
weU into their research career before they can 
mount a successful application. 

James A. Shannon Awards — This awards program, 
created in 1991, supports research projects that 
just missed NIH’s funding cutoff The majority 
go to young, promising investigators or experi- 
enced scientists who need bridge funding to con- 
tinue their work. 


Traditionally, Congress requests that the National 
Academy of Sciences (NAS) perform a quadrenni- 
al manpower needs assessment for research train- 
ing. In 1993, for the first time, NIH asked NAS 
to conduct a “zero-based” study on the efficiency 
and efficacy of existing training programs and to 
develop recommendations for resources for the 
future. 


Junior ROl — This new program will focus pri- 
marily on young investigators who are completing 
their postdoctoral training. It will serve as a tran- 
sition mechanism to independent research, 
enabling investigators to obtain preliminary data 
and infomaation prior to applying for an ROl. 
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Research Flexibility 
Research is unpredictable. Serendipity has played 
a role in some of the most important scientific dis- 
coveries of our time. That is why creativity and 
flexibility — elements essential for nurturing 
innovation — must be safeguarded in biomedical 
research. For example, an investigator exploring 
the efficacy of a drug in disease treatment may 
unexpectedly discover a new, even more promis- 
ing application. However, changing directions for 
this investigator may require more resources than 
were provided in the original grant. Research 
flexibility means having the capacity to capitalize 
on such opportunities, as well as to be responsive 
to promising young investigators. 

Currently, the highly competitive nature of 
the NIH grant system makes it difficult for young 
investigators to compete successfully for traditional 
project grants until they have proven themselves, 
a “Catch-22” that comproinises our ability to tap 
this pool of talent for exciting, innovative 
research. The James A. Shannon Awards, estab- 
lished in 1991, are an example of NIH’s efforts to 
create flexible grant mechanisms that provide sup- 
port to promising young investigators who fall just 
short of the funding cutoff. Indeed, retaining cur- 
rent investigators is as crucial as recruiting new 
scientific talent. 


NIH also recognizes the need to provide 
greater flexibility and stability to its awardee insti- 
tutions in other situations. Whether it be lapses in 
project funding, equipment failures, or facility 
problems that arise without warning, NIH should 
have the capability to respond in a timely manner. 


Major Goals: Development of 
THE Scientific Talent Base 

■ Develop more reliable techniques for assessing 
the supply of and danand for researchers, based 
on the fndings of the XHS study, 
m Attract a greater number of young scientists as 
priticipal ini^estigators in both basic and clinical 
research 

m Improve representation of u\)men and minorities 
pursuing basic sciertce and clinical research careers 
in biomedicine. 

u Explore and evaluate novel and innovative 
career development mechanisms, such as 
Slunnon Awards and Junior ROls. 

■ Expedite the approval of competitii^e grant sub- 
missions by young investigators. 

■ Implement a system of re-entry grants for older 
investigators, partiadariy uwnen. 
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Life Sciences Education and Public Understanding of Science 





HE FAILURE TO ATTRACT YOUNG STUDENTS TO CAREERS IN SCIENCE WILL LEAD TO AN 
INADEQUATE SUPPLY OF TRAINED SCIENTISTS TO MEET THE NATION’S NEEDS BY THE 


YEAR 2000. We must begin now to prepare THE NEXT GENERATION OF LIFE SCIENTISTS WELL 


before they enter coDege. This has led the NIH 
to expand its educational programs aimed at ele- 
mentary through high school students, as well as 
at teachers and the general public. 

Public understanding of science also is critical 
to the NIH and its capacity to fulfill its mission. 
The public, social, and economic health of the 
United States depends increasingly on people who 
understand science, and the use of science and 
technology in society. Yet recent studies indicate 
that more than 90 percent of U.S. adults are sci- 
entifically illiterate. 

Major initiatives supported by NIH to 
address these i.ssues include: 

■ Teacher Preparation /Ennclmieut and Student 
Incentives 

■ Public Understanding of Science 

Teacher Preparation/ 

Enrichment and Student 

INCENIIVES 

Teachers arc instrumental in cultivating or dis- 
couraging students’ interest in science. In that 
regard, NIH is pioneering new programs to give 
precollegiate life science instructors research expe- 
rience during their undergraduate years, and 
opportunities to interact with investigators during 
their teaching careers. These experiences are 
designed to enhance the teachers’ own scientific 
literacy, to expose them to cutting-edge research 
and technologies, and to strengthen their teaching 
skills and increase their enthusiasm for teaching 
science. 


A steady flow of new science students is 
needed to increase the number interested in 
becoming life science teachers or biomedical sci- 
entists. NIH recognizes the working scientist as 
its most valuable resource in keeping students 
interested in .science throughout their education. 

As mentor and role model, the scientist can 
encourage students to pursue careers in the sci- 
ences. NIH’s Science Education Partnership 
Award Program has expanded interaction 
between NIH and the education community 
through science education pilot studies such as 
adopt-a-school alliances and infonnation-sharing 
among elementary school educators and groups of 
NIH scientists. At the high school level, the 
Science Training Education Award Partnership 
(STEAP) Program fosters research training for sci- 
ence teachers in order to create a corps of master 
science teachers in local school systems. In com- 
bination with other progi-ams, STEAP also brings 
students into basic research laboratories for hands- 
on experience and exposure to research methods 
and techniques. 

NIH plans to continue its active role in facili- 
tating interagency cooperation in pursuit of its life 
sciences education goals. For example, efforts are 
Linderw'ay to link the NIH precoUege science 
education progiam to the HHS Head Start pro- 
gram. Major efforts will also concentrate on stim- 
ulating interest and participation from intramural 
and extramural constituencies. 
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Public Understanding of Science 


NIH gives high priority to promoting public sci- 
entific literacy. Without an understanding of sci- 
ence and the ability' to apply basic scientific princi- 
ples to eveiy'day life, the public is ill-equipped to 
make difficult political and ethical decisions 
involving biomedical issues and emerging tech- 
nologies. 

To enhance the public’s understanding of 
science, NIH is forming educational partnerships 
with universities, industiy, and State Science 
Coordinators nationwide. NIH is playing a lead- 
ership role in these partnerships by developing a 
coordinated plan for science literacy involving all 
agencies of the Federal government. Programs 
slated for development include a pilot Evening 
Scholars Program, to give the public a better 
appreciation of NIH investigators and their 
important work; a coordinated, nationwide NIH 
Public Science Literacy Campaign; and the inclu- 
sion of more science infomiation in educational 
materials distributed by the institutes. 


Major Goals: Life Sciences 

Education and Public 

Understanding of Science 

■ Provide new training opportunities for teachers 
to update their knowledge, skills, and abilities 
in science. 

■ Strengthen and expand the use of innovative 
and hands-on learning experiences in classrooms 
by teachers. 

m Significatitly increase the number of stitdents 
participating in NIH programs, pursuing 
extracinricular science activities, and receiving 
awards or educational fellowships for scientific 
achievement. 

m Establish aggressive public education programs to 
increase the number of scientifically literate citi- 
zens. 

u Coordinate efforts across Federal agencies to 
develop a science literacy campaign. 
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Professional Standards of Scientific Research 


■ HE HIGHEST STANDARDS OF INTEGRITY AND OliJECTIVITY ARE PARAMOUNT FOR THE 
CONDUCT AND REPORTING OF RESEARCH BY THE SCIENTIFIC COMMUNITY. NIH, AS A 
STEWARD OF PUBLIC FUNDS AND DEPENDENT ON PUBLIC TRUST, MUST WORK WITH INVESTIGATORS AND 

institutions across the Nation to ensure that the 
highest standards are established and sustained. 

Historically, cases of fraud and misrepresenta- 
tion in science have been rare. However, in 
recent years, there has been an increasing visibility 
regarding matters of scientific misconduct. The 
magnitude and importance of today’s science 
demand that institutions, faculty, and students 
share a common ethos regarding acceptable stan- 
dards of science, and how those standards can be 
ensured. 

In addition to presenting their data accurately 
and fairly, scientists must also respect the rights of 
human subjects and ensure the welfare of animals 
used in research, take precautions if the research is 
hazardous, and share the results with others hon- 
estly, completely, and promptly. 

Working in cooperation with institutions, 
professionals, and academic societies, NIH will 
develop policies and guidelines for such issues as 
conflict of interest and standards of scientific con- 
duct. 


Major Goals: Professional 
Standards of Scientific 
Research 

■ Expand the number of academic institutions 
with a curriculum in scientific integrity to 
address such issues as conficts of interest and the 
honest, accurate reporting of research data, 
m Promote high standards of scientific and profes- 
sional conduct for the NIH intramural research 
program. 

m Foster consensus building within all segments of 
the scientific community, utilizing NIH adviso- 
ry and peer review committees; and develop 
informational programs to communicate the 
resulting standards to the general public, 
m Finalize NIH Guidelines on Coriflict of 
Interest. 




Strategic Objective 4: Research Capacity 


If you huilii il, lihoyl u’lll conic. 

-- W'ni.I.Wl /\ / V.s /:/./. i , S!ioclc>> ji'i' ("iiclit of 

he United States succeeds in science and technolo^^ today because of its sustained, 
long-term investment in nationwide research capacity. Built on a foundation of public- 
piivate partnerships, NIIH invests not only in its own facilities but also in a diverse netw'oik of extiamuial 
institutions. C^onducting research that advances critical science and technology' and addresses the Nation s 
critical health needs, rcc]uires physical and methociological infrastructures that include instrumentation, 
research resources, support services, laboratoiy facilities, and enabling technologies. 
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Strategic Objective 4: Research Capacity 


NIH has five organizational components focusing specifically on these infrastructure and support needs: 

Division of Research Grants ( D R G ) ( 1 9 4 6 ) 

DRG is the gateway to NIH funding for all extramural research and training projects. One ol its 
most important responsibilities is to administer peer review, a system of Study Sections and Special 
Review Groups that evaluate grant applications for scientific and technical merit. DRG also oper- 
ates several computer-based data systems for managing, tracking, and evaluating research binding. 

Warren Grant M a g n u s o n Clinical Center ( C C ) ( 1 9 5 3 ) 

The Clinical Center is NIH’s 5()()-bed clinical research hospital, handling over 9,000 inpatient 
admissions and 160,000 outpatient visits each year. Specially designed for clinical research, this hos- 
pital enables scientists to monitor closely the care of patients involved in clinical tiials. As a result, 
the Clinical Center has been the proving ground for many pioneering developments, most recently 
the first trials of human gene therapy for certain cancers and an inherited disease. 

Division of Computer Research and Technology (DCRT)( 195 4) 

The Division serves NIH by developing computer-based information management systems tor labo- 
ratory, clinical, and administrative applications. Image-processing technologies developed by 
DCRT have contributed to progress in stnictural biologv' and the analysis of protein sequences in 
human genome research. DCRT has also pioneered the development of biomedical applications of 
high-perfonnance computing. Future efforts will include continuing the implementation ot compu- 
tationally intensive methods of drug and vaccine design and protein structure analysis and enhancing 
the computational, networking, database, and infonnatics capabilities throughout NIH. 

National Center for Research Resources (NCRR)(1956) 

NCRR develops and supports critical re.search technologies and shared resources that underpin 
research to maintain and improve the health of our Nation’s citizens. NCRR supports sophisticated 
instrumentation and tcchnolog)', animal models for studies of human disease, clinical research envi- 
ronments, and increasing research capacity for underrepresented groups. NCRR supported the 
development of the first laboratory^ computer, artificial intelligence applications for medicine, and 
the primate model of AIDS. Current and future programs emphasize an amiy of bioengineering 
and biotechnologies, including marine biotechnolog\% computer-aided drug design, and structural 
biology, as well as gene-derived therapies and vaccine development. 

National Library of Medicine (NLM)(1956) 

NLM multiplies the value and impact of NIH research findings by making them widely available to 
the Nation’s physicians, research scientists, and other health care professionals. Computer searches 
using NLM information resources have already contributed to patient care and to breakthrough dis- 
coveries on the molecular basis of cancer, inhented diseases, and the immune system. Future efforts 
will emphasize connectivity to high-speed computer networks for research and patient care. 
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Intramural NIH: Revitalizing A National Resource 



HE NIH INTRAMUILAL RESEARCH PROGIUAM IS A1 ONCE A PARADICiM FOR THE CONDUCT 
OF INNOVATIVE, RISK-TAKING SCIENCE, A HUB OF COORDINATION, AND A PROVING 


GROUND FOR THE ENTIRE BIOMEDICAL RESEARCH ENTERPRISE. APPROXIMATELY 11 PERCENT OF THE 


total NIH budget supports this critical mass of tal- 
ented scientists and clinicians working in a unique 
environment where basic research labs stand side 
by side with patient care units. The creative free- 
dom provided to thousands of researchers has 
proven to be uniquely elTicient in fostering and 
catalyzing discoveiy and productivity. Labora- 
toi-ies worldwide draw ideas and leadership from 
these programs. 



Two POST-DOCTORAL FELLOWS 
WORK ALONGSIDE AN NIH SCI- 
EN I IST AS PARI ICIl’ANTS IN THE 

Iniramural Research 
Training Award (IRTA) pro- 
gram. 


The program’s excellence is reflected in 
Nobel prize-winning work, including the unrav- 
eling of the genetic code, the elucidation of pro- 
tein folding, and the discovei 7 of new neurotrans- 
mitters and a class of slow viruses that cause cer- 
tain neurological diseases. Intramural research has 
provided fundamental insights leading to the 
development of monoclonal antibodies, the con- 
cept of oncogen.es, recombinant DNA techniques, 
and vaccines against meningitis, pneumonia, per- 
tussis, and other bacterial infections. Clinical 
achievements include pioneering gene therapy, 
development of the HlV-1 blood test, u.sc of 
AZT, ddl, and ddC as treatments for AIDS, and 
curative chemotherapy for certain leukemias and 
lymphomas. 

Some 50,000 scientists have trained in our 
laboratories and clinics, and they now fonn a core 
of scientific leadership around the world. Many 
of these alumni comment that they did their most 
innovative work as NIH intramural scientists. 

This reflects the elements of scientific freedom, 
resource security, and intense interaction among 
colleagues from different disciplines that charac- 
terize intramural NIH. 

The strong interflice between basic and 
applied science allows us to push aggressively from 
basic discover)' to application and development. 
The intramural research program is unmatched in 
large part because of the Wan en (kant Magnuson 
Clinical Center, the world’s largest hospital devot- 
ed solely to clinical research. 
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Although the intramural research program 
remains among the most productive and presti- 
gious biomedical research institutions in the 
world, It has expenenced serious problems over 
the past decade, including barners to recruitment 
and retention of senior scientists, regulator)^ bur- 
dens, and declining infrastructure. These prob- 
lems have a negative impact on the morale of 
intramural scientists. 

Through the strategic planning process, vve 
have identified the intramural research program as 
among NlH’s highest pnorities in support of its 
missions. Accordingly, we are taking detcmiined 
action to foster a renaissance in our intramural 
program. We have called upon our most creative 
and energetic scientists to identify needed direc- 
tions and actions, as articulated in the Report of 
the Task Force on the Intramural Program, the 
Women’s Task Force report, and the NIH 
Intramural Career Development Initiative. New, 
visionary' leadership has arisen from the ranks of 
the intramural scientists. And we are beginning to 
reverse the brain drain with the recruitment of a 
world-class physician-scientist, with his staff, to 
head the Hwnaii Genome Program and build a new 
multidisciplinary intramural research program in 
human genetics. This renaissance will continue 
with the development of a Master Plan for the 
NIH campus of the future. 


Major Goals: 

[NTRAMURAL NIH: REVITALIZING 
A National Resource 


Assure a critical mass of scientific talent and a 
stable, nurturing environment to conduct risk- 
taking basic research of the highest origifiality, 
poised to respond sunfily to unanticipated 
research opportunities and emerging public health 
crises. 

I Maintain quality by the external peer revieiv of 
scientific aaomplishments, using the outcome to 
determine scientist retention, promotion, and 
resource allocation. 

m Sustain the depth and quality offiwdamental 
scietice with emphasis on areas of promise and 
their therapeutic translation, including human 
genetics, molecular and cell biology, structural 
biology, and gene therapy. 

■ Foster teamwork between basic and clinical scien- 
tists in order to rapidly convert the findings of 
basic research into innovative clinical strategies 
and therapeutics. Encourage, as appropriate, 
partnerships with academia and indusUy. 
u Improve recruitment and retention of scientific 
leaders by implementing the findings of the Task 
Force on the Intramural Program, the Women's 
Task Force report, and the Career Dei>elopment 
Initiative. 

m Complete the NIH Master Plan and develop an 
implementation plan. Identify and secure the 
core technologies necessary to provide preeminent 
research capabilities. 
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Clinical Research 


■ HERE IS AN URGENT NEED FOR SCIENTIS'IS ORIENTED TOWARD THE NEEDS OF PATIENTS 
WHO WILL STRENGTHEN AMERICA’S CLINICAL RESEARCH CAPACITY. CLINICAL RESEARCH 
IS VITAL TO OUR BIOMEDICAL RESEARCH ENTERPRISE BECAUSE IT IS THE BRIDGE BETWEEN THE 


laboratory' bench and the patient, translating our 
fundamental knowledge and understanding of 
human biology and disease into clinical therapies 
to detect, treat, prevent, and cure disease. 

The accelerating pace of discovery in the 
biological sciences is far outstripping the scientific 
community’s capacity to translate laboratory 
advances into applications that benefit the public. 
In order to take full advantage of this expanding 
fundamental base of knowledge, NIH must signif- 
icantly increase its investment in clinical research. 
However, the barriers to clinical research involve 
not only training and funding limitations, but also 
limitations on the actual conduct and design of 
research. 


Major Goals: 

Clinical Research 

■ Design more effective and attractive training pro- 
grams for clinical investigators to ensure that 
essential clinical research technologies — for 
example, biostatistics, epidemiology, study 
design (including clinical trials), bioethics, basic 
laboratory techniques, human subjects protection 
— are included in the curriculum. 

m Foster a multidisciplinary approach to clinical 
research to ensure that the striking, recent 
advances in molecular biology, biotechnology, 
immunology, and the neurosciences are translat- 
ed to patients. 

u Develop needed animal models of human dis- 
ease through cost effective mechanisms that allow 
access to a unde array of investigators. 

■ Develop neu> clinical research biostatistical tools 
along with improved outcome measures and clin- 
ical end points to enhance the quality of clinical 
trials and to reduce their cost. 

■ Establish regional and national resources to offer 
professional guidance in study design, imple- 
mentation, and data analyses for a unde array of 
investigations. 




Research Resources, Facilities, and Instrumentation 



HE rapid pace of SCIENTIFIC DISCOVERY 
TO INVESTIGATORS HAVING ACCESS TO 


TECHNOLOGIES CENTRAL TO THE CONDUCT OF RESEARCH. 


figures prominently in ensuring that intramural 
and extramural scientists have access to these 
resources, and in developing innovative cost and 
resource sharing mechanisms to make hnite public 
resources go much further. These shared 
resources are key to the success of all NIH strate- 
gic objectives. Major initiatives supported by 
NIH in this area include; 

■ Shared Resources 
u Construction /Retieiral oj Facilities 
m Enahlinj^ Technoloi^ies/ Instrumentation 
m Computational Biology 


WITNESSED IN THE PAST 25 YEARS OWES MUCH 
STATE-OF-THE-ART EQUIPMENT, FACILI'IIES, AND 

The National Institutes of Health 
Shared Resources 

Shared resources — core facilities, tissue and cell 
banks, animal research centers — provide the 
most cost-effective way to support complex 
research, while speeding the translation of basic 
science ideas into patient care and cures. In this 
area, NIH will assess and support needed national, 
regional, or institutional shared resources, as well 
as monitor an institution’s use of existing 
resources to establish integrated research collabo- 
rations among investigators. 

NIH currently supports a wide variety of 
shared resources that provide critical biomaterials 
to the research community'. These include a ficil- 
ity' that acquires and distributes microorganisms, 
including viruses, bacteria, fungi, and yeast; a cen- 
ter that collects and distributes over 1,600 strains 
of nematodes; a genetic stock center that contains 
over 1 ,000 strains of a yeast; a repository that col- 
lects and provides cloned genes, ON A probes, and 
human chromosome libraries; a repositoity that 
stores and distributes human cell lines from indi- 
viduals with genetic disorders; and a number of 
resources that provide specialized strains of ani- 
mals. 
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A TYPICAL NIH INI RAML’RAL C O N S T R U C T I O N / R E N E W A L OF 

LABORATORY. FACILITIES 

Over the past decade, NIH has worked with the 
National Science Foundation to assess the need 
for new and refurbished research facilities nation- 
wide. Among the disconcerting findings of their 
study are (1) that a majority of facilities do not 
meet strict regulatory and environmental stan- 
dards, (2) that many have deteriorated so badly 
they must be replaced, and (3) that construction 
costs to meet changing technological and regula- 
tory requirements have skyrocketed. 

The scientific initiatives outlined in this plan 
impose additional requirements for research facili- 
ties in such areas as molecular medicine and 
biotechnology. In the absence of Federal monies 
beyond those provided by indirect cost reim- 
bursement, many institutions, particularly minori- 
ty and emerging institutions, cannot generate suf- 
ficient funding from other sources to adapt exist- 
. ing space or add new space for biomedical 

research. 


1 N S T R l' M E N T A T I O N 

Nuclear magnetic resonance spectroscopy and X- 
ray crystallogi*aphy are among many technologies 
increasingly important to our understanding of the 
molecular basis of human disease and health. 

These and other “enabling technologies” are 
essential to research efforts across many disciplines 
of science. Yet many can be provided only 
through national or regional resource centers. 

For example, progress in molecular medicine 
has accelerated with the development of sophisti- 
cated tools to isolate, purify, and characterize the 
structure of biologically important molecules. 
Equipment critical to this type of research, such as 
synchrotron X-ray sources — powerful tools for 
detemiining molecular structure — must be avail- 
able to scientists. NIH has helped make this pos- 
sible through synchrotron facilities supported by 
the National Center for Research Resources, the 
Department of Energy, and the National Science 
Foundation. 

Likewise, enabling technologies that include 
organisms and animal models allow scientists to 
study both simple and complex biological activity. 
NIH recognizes the importance of these models 
in developing new scientific methods and 
hypotheses, and in understanding different biolog- 
ical systems and their subtle or profound connec- 
tions to human life. 
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Computational Biology 
Mapping the human genome. Predicting the 
structure and function of 100,000 new proteins. 
Designing drugs based on the structure of the tar- 
get. Analyzing complex population-based studies. 
These biomedical challenges hinge on advanced 
computer technology and scientists with a high 
level of proficiency and sophistication in the use 
of computing. 

The scientific promise of molecular medi- 
cine, biotechnology', stmctural biology — and 
almost every existing and emerging field of sci- 
ence — cannot be realized without high-peiTor- 
mance computer and communications systems. 

In addition, scientists working around the globe 
increasingly depend on a poweiTul computer net- 
work to collaborate using electronic mail to trans- 
mit important data, and to access biomedical data- 
bases throughout the United States and the world. 

NIH is also participating in the High- 
PeiTomiance Computing and Communications 
Initiative (HPCC), a multi-agency, multi-year 
Federal effort to strengthen our Nation’s comput- 
ing resources for research. Other participants 
include the Departments of Energy and Defense, 
the National Science Foundation, and the 
National Aeronautics and Space Administration. 
NIH and its nationwide community of researchers 
will benefit enomiously if HPCC results in the 
development of new computer technologies and 
biomedical applications that provide new insights 
into previously unapproachable research and clini- 
cal problems. 


Major Goals: Research 

Resources, Facilities, and 

Instrumentation 

■ Continue to stress the need to renetv the 
Nation^s research capacity by renovating and 
constructing research facilities to meet the techno- 
logical and space requirements of 2^st centuq' 
biomedical science and strive to define more pre- 
cisely the appropriate Federal and NIH roles in 
this retieu>aL 

m Facilitate the biomedical research community's 
access to federally oivned technologies and 
instrumentation, such as high-peformance com- 
puting resources, synchrotron, and X-ray crys- 
tallography. 

u Explore the development of fiational and 
regional centers to house enabling technologies 
and resources, such as P-4 containment facili- 
ties, and ensure optimal aaess to existing 
resource centers. 

m Substantially iticrease the number of new scien- 
tific collaborations among NIH-supported 
research groups enabled by national and interna- 
tional computer networks. 

m Utilize the newest generations of massively par- 
allel, scalable supercomputers to attack the previ- 
ously intractable "grand challenge" problems of 
biomedicine, such as drug and vaccine design, 
predicting protein stmeture, and homology mod- 
eling. 

m Promote the use of high-performance computers 
and high-speed networking to improve the effi- 
ciency, performance, and cost-effectiveness of bio- 
medical research and delivery of health care. 
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IH represents a SH) billion investment by Americans based upt)n the expectation of a 
substantial return to themselves and their loved ones. That investment will continue 


only as loni; as the public is confident that it is managed wisely. Stewardship of public funds entails sup- 
porting outstanding scientists who advance the enterprise through meritorious research performed in the 
interest of the public. The key to achieving responsible stewardship is the presence of innovative and 
tjuality managers and quality management systems. Above all, stewardship demands integrity and fairness 


in the conduct of our business. 




I 
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Economic Analysis and Budget Policy 


N AN ERA OF FINITE PUBLIC RESOURCES AND GREATER SOCIETAL DEMAND FOR HEALTH 

CARE, THE National Institutes of Health must develop sound, effective bud- 


get STRATEGIES TO COMPETE EFFECTIVELY FOR RESOUILCES. ONCE APPROPRIATED, RESOURCES MUST 


be allocated efficiently and fairly, and to areas 
most likely to reduce the incidence of disease and 
improve human health. 

NlH’s budget has not kept pace with the 
expanding opportunities and advances in biomed- 
ical research. Historically, growth in NlH’s bud- 
get has been significant. Between 1989 and 1993, 
however, NIH funding grew at approximately the 
same rate as total domestic discretionary' funding, 
and at rates lower than those for other Federal sci- 
ence agencies. 


Several tactors may contribute to this decline. 
Much of the earlier growth in the NIH budget 
was the result of congi*essional backing, but cur- 
rent budget ceilings significantly preclude increas- 
es to the President’s Budget. At the same time, 
other Federal science agencies have benefited 
recently because they were designated as presiden- 
tial priorities. Furthennore, at ever)' phase ot the 
budget process, NIH does not compete with sci- 
ence agencies whose budgets are seen as invest- 
ments in the future; it competes instead with 
human seiwice progi*ams that demand immediate 
attention. As long as health care costs rise signifi- 
cantly faster than the rate of inflation, and until a 
pnonty is established on investment, NIH will be 
at a disadvantage. Finally, many NlH-sponsored 
research programs are not well understood by the 
media and public. Many people have yet to 
appreciate fully that improvements in public 
health and the associated reductions in health care 
costs result from investment in biomedical 
research. 
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NIH budget development must flow from 
the investment priorities established by an on- 
going NIH strategic planning process, rather than 
focusing (as it has in the past) on mechanisms of 
support. This new budget strategy must acknowl- 
edge that the ultimate solution to many health 
care financing issues lies with the knowledge 
derived from fundamental research. For example, 
with 40 percent of Medicaid’s budget paying for 
nursing home costs, the need for solutions to 
chronic, debilitating conditions such as 
Alzheimer’s disease, stroke, mental illness, and 
osteoporosis is compelling. A stronger investment 
now in finding solutions for those diseases would 
pay dividends many times over in future savings 
on nursing home costs. 


At the same time, this process must take into 
account the fact that basic research into complex 
diseases must be sustained for years, even decades, 
before clinical applications can be developed. 
Accordingly, NIH is committed to long-tenn 
budget development and economic analyses that 
articulate priorities in biomedical research and 
promote public understanding of the economic 
and human value of NlH-supported research. 


Major Goals: Economic 
Analysis and Budget Policy 

■ Develop and present the NIH budget based on 
the priorities established in the NIH strategic 
planning process, which articulate the benefits of 
investment in the future, 
m Refine further the models that allow more 
sophisticated analyses of the long-term applica- 
tions of budget decisions. In doing so, the prac- 
ticality of measurable indicators such as 
improved health and quality of life as factors 
influencing resource allocation should be ana- 
lyzed. 

m Conduct a review every two years to assess the 
implementation and success of the ongoing 
strategic planning process as a means for 
guiding resource allocation. 
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Technology Transfer 



HE National Institutes of Health has an important mandate to transfer the 


FRUITS OF BIOMEDICAL RESEARCH TO THE PRIVATE SECTOR TO FACILITATE THE DEVEL- 


OPMENT OF DRUGS AND OTHER PRODUCTS OF IMMEDIATE BENEFIT TO HUMAN FIEALTH. ThIS MANDATE 


includes die licensing of intellectual property 
rights and infomiation sharing to ensure that 
research advances find rapid, appropriate applica- 
tion in medical practice. 

To promote technology transfer. Congress 
enacted legislation in the early 198()s that pemiit- 
ted government grantees and contractors to retain 
title to federally funded inventions. It also 
encouraged universities to collaborate with indus- 
try to Rirther promote research, to develop useful 
products, and to license those inventions to indus- 
try. The Federal Technology Transfer Act of 
1986 extended licensing authority to Federal labo- 
ratories and encouraged participation in 
Cooperative Research and Development , 
Agreements (CtLADAs) with the private sector. 

Today, NIH has among the most active, 
effective technology transfer programs in govern- 
ment. Through this program, NIH has forged 
partnerships with industry, enhancing and aug- 
menting the capacity of NIH to conduct laborato- 
ry and chnical research. For example, gene thera- 
py research and the development of taxol as an 
anticancer agent have been greatly accelerated 
through CRADAs with the private sector. 

Technology transfer promises to advance 
public health while contributing to our economic 
prosperity and global competitiveness. To 
achieve this, NIH must continue to build the 
organizational structure necessary to facilitate 
technology transfer for NIH-supported investiga- 
tors, and to develop effective, well-articulated 
program policies and guidelines. This must 
include a shared responsibility on the part of 
awardee institutions to protect the public invest- 
ment in NIH-supported research. Initiatives in 
technology transfer include: 


■ NIH Participation in Commercial Research 
Partnerships 

■ Information Management to Facilitate Public Access 

NIH Participation in Commercial 
Research Partnerships 
NIH funds 90 percent of basic biomedical 
research in the United States and is the engine of 
the biotechnology and phamiaceutical industries. 
Much of our success in translaring basic discover- 
ies to patient benefits has been due to the 
Technology Transfer Act of 1986 and the Bayh- 
Dole Act of 1980 , which encourage industrial 
linkages. Government-fostered collaborative rela- 
tionships between NIH and industry define our 
technology' transfer activities. These activities also 
give rise to new issues, not always anticipated, 
such as potential conflicts of interest, conflicts over 
Federal filing and holding of patents, and concerns 
about reasonable pricing of drugs developed with 
public monies. Another emerging issue involves 
the exclusive, proprietary control of licensing and 
commercialization of present and future NIH- 
funded research by domestic and foreign corpora- 
tions. 

Clearly articulated technology' transfer poli- 
cies and guidelines are central to preserving the 
integrity of the NIH community^ and its industrial 
partners. The policies under consideration 
include the development of consolidated guide- 
lines covering real or potential conflicts of interest, 
revised material transfer agreements, and institute 
manuscript review procedures to identify inven- 
tions that could be patented. Fonnal policies also 
are under review and revision for CRADAs with 
small business and domestic corporations, and 
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Scientists and students use clear, objective standards regarding such licensing 

COMPUTER TERMINALS AT THE provisioiis 35 fair aiid reasonable pricing of prod- 

National Library oi ucts licensed by NIH are being developed. NIH 

Medicine to access the also is examining the coUaborations between 

world’s largest bio.medical extramural researchers and the independent sector 

RESEARCH DATABASE. that havc dcvclopcd since 1980. 

Issues have been raised about the appropriate 
role of NIH, in concert with other public and pri- 
vate institutions, in assuring that the public invest- 
ment in biomedical research is reflected adequate- 
ly in the prices of products brought to market as a 
result of joint NIH-private sector collaborations. 

In developing policy in this important area, NIH 
will continue to work closely with officials within 
DHHS, Congress, and with our research partners. 
In implementing a strong technology transfer pol- 
icy, NIH recognizes our obligation to defend vig- 
orously the intellectual property developed for the 
public with NIH resources. Without industrial 
partners, the NIH technology transfer mission 
cannot be executed in a succe.ssful manner. It is 
therefore imperative that NIH chart a steady and 
predictable course as it refines the.se policies. 


I N r O R M A 1 I < ^ N .M A N A (i t .M F N T T O 

F .A c 1 L ri A T t P u lu I c Access 
Technology transfer will be accelerated signifi- 
cantly by providing industry with timely infonna- 
tion about the inventions of NIH-supported 
investigators available for licensing. Similarly, 
electronic information will keep scientists in gov- 
ernment, industry, and academia infonned about 
ongoing research to help promote greater collabo- 
ration. 

Already, the NIH Office of Technology 
Transfer has developed a prototype electronic bul- 
letin board to keep industry informed about intra- 
mural technology available for licensing. NIH is 
identifying the infonnation needs of both industry 
and investigators in the private and public sectors, 
and evaluating sources of on-line infonnation 
systems. 


Major Goals: 

Technology Transfer 

■ Work unth DHHS, Congress, and research 
partners to establish and implement rational 
technology transfer policies. 

m Establish timely and effectiiv procedures and 
guidelines that mil facilitate patenting, licetis- 
ing, and cooperative research projects mthin 
intramural NIH. 

m Etuourage and provide incaitives for NIH 
intramural sciaitists to participate in technology 
transfer through patenting. 

u Establish a task force in the Office of the 
Director to rcxdexv existing collaborative industri- 
al relationships that have arisen at major NIH- 
funded research universities, and their history of 
patenting and licensing, to guide policy develop- 
ment and refinement with extramural NIH. 





NIH Leadership Base 



ING ITS 


UR STEWARDSHIP CAN BE NO BETTER THAN OUR STEWARDS. HUMAN INTELLECT IS THE 
MOST VALUABLE RESOURCE THE NATIONAL INSTITUTES OF HEALTH CAN TAP IN FULFILL- 
S MISSION TO ADVANCE THE HEALTH OF ALL AMERICANS. To RENEW AND SUSTAIN THIS 


resource, NIH must establish and maintain a sta- 
ble, nurturing environment that promotes creativ- 
ity and innovation. Particularly critical is the abil- 
ity^ to attract effective leaders in science and 
administration, to replenish the cadre of NIH 
leaders, and to sustain the talent and leadership 
needed to meet existing and emerging research 
challenges. 

To address this critical issue, NIH vviD under- 
take three initiatives. First, a proposal will be 
developed for a comprehensive personnel system 
that will sustain and improve its capacity to 
recruit, retain, and reward top individuals. This 
system must recognize the marketplace in which 
it competes and be sufficiently flexible to address 
the special needs of a research institution. 

Second, programs will be reviewed, and new 
ones will be initiated as needed, to identify aggres- 
sively and train future leaders for NIH. This will 
be a comprehensive leadership development pro- 
gram to select and provide training and job expe- 
riences to individuals who are expected to be 
placed in supervisory, managerial, and executive 
positions. 


Finally, the agency will examine its recruit- 
ment procedures, particularly for senior and mid- 
level scientists, and develop an initiative to make 
them more effective. A trans-NIH recruitment 
and career development strategy' will be crafted, 
and follow-up programs, such as orientation and 
mentoring, will be addressed. 

In each of these initiatives, special emphasis 
will be placed on opportunities tor women, 
minorities, and persons with disabilities. 


Major Goals: 

NIH Leadership Base 

■ Develop a new personnel system tailored to 
NIH's need to recruit, retain, and reward 
employees in successful pursuit of its mission. 

m Establish a Comprehensive Leadership 
Development Program to identify leaders and 
encourage their growth. 

■ Improve recniitment strategies, particularly those 
needed to successfully recruit and retain women, 
minority groups , and people until disabilities, 
and to increase employee appreciation for hawio- 
ny and diversity in the workplace. 
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Cost Management 


■ VEN AS NIH’S RESEARCH OPPORTUNITIES CONTINUE TO GROW, INCREASES IN FUNDING 
FOR BIOMEDICAL RESEARCH MUST COMPETE WITH OTHER SECTORS OF THE ECONOMY 
FOR FINITE RESOURCES. ThIS MEANS THAT MANY BIOMEDICAL SCIENTISTS WILL EXPERIENCE DIFFICUL- 

tics in bridging the gap between their research 
needs and the available research support. In this 
fiscal climate, prudent and elective cost manage- 
ment approaches must be implemented across all 
strategic priorities identified in this plan. 

Decisions on the most appropriate approach- 
es to management of resources, including human 
resources, must be infonned by thoughtful and 
deliberative judgment. NIH recognizes that cost 
management principles must be even-handed, 
neither restricting funds necessaiy for the conduct 
of research nor reimbursing expenditures in excess 
of what is reasonable or affordable. The.se princi- 
ples must be applied with equal rigor to both the 
direct and indirect components of the total costs 
of research. 

The direct cost component should be man- 
aged throughout the granting process, beginning 
at the point at which proposed budgets are pre- 
pared by investigators and proceeding through the 
review process to the stage at whicli awards are 
made. Along this continuum it is possible to 
introduce cost management strategies that will 
assist NIH in arriving at an appropriate and afford- 
able level of funding for each research project 
grant. 


Core Principles for Funding 

OF Research Project Grants 

■ The average cost of a cohort of competing 
grants will not exceed the average cost of 
the previous year’s cohort by more than 
the Biomedical Research and 
Development Price Index. 

■ Noncompeting grants, on average, will 
not increase by more than 4 percent, 
excluding nonrecurring costs. 

■ Budgetary reductions will be achieved 
through a combination of peer review 
recommendations, staff review for cost 
allowability and reasonableness, and pro- 
grammatic adjustments to arrive at an 
appropriate funding level. 

■ Award reductions of 25 percent or more 
below the initial peer review recommend- 
ed level on a single grant application may 
require a revised statement of specific aims 
and a revised budget from the principal 
investigator, which must be reviewed and 
approved by program and grants manage- 
ment staff. For competing continuation 
(Type 2) grants, one factor in arriving at 
the award amount will be the level of sup- 
port in prior years and the extent to which 
the institute can pemiit growth within the 
existing constraints on increases in average 
costs. 

■ The average length of research project 
grants will be four years. 
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The indirect cost component continues to come 
under scrutiny, aimed at maximizing accountabili- 
ty, standardization, and simplification, and provid- 
ing incentives for cost savings. Particular attention 
must be given to the reimbursement for tacilities 
costs. While this component has been increasing 
throughout the 1980s and 1990s, little is known 
about the extent of potential future costs. Studies 
must be undertaken to identify these costs in 
detail and to develop appropriate reimbursement 
strategies. Although indirect cost reimbursement 
policy is set by the Office of Management and 
Budget through its guidance circulars, NIH 
should participate in analysis and policy develop- 
ment, because NIH is the major payer of research 
overhead. 

NIH will effect cost management strategies 
that reinforce a strong and rewarding relationship 
bctw'ecn research partners (sponsor and recipient), 
articulate the benefits to both parries, and promote 
effective administration that contributes to stew- 
ardship and productivity, stability and predictabili 


Major Goals: 

Cost Management 

I Review the granting process systematicallY to 
detemune the need for additional cost manage- 
ment measures, and dei^elop those measures 
where appropriate. 

I Explore the feasibility of providing incentives to 
reivard research investigators and organizations 
for cost-^iciait behainor. 
m Da^elop and a'aluate cost management tools 
and strategies, such as computer-simulated mod- 
els, to projea potential consequences of applying 
differetit cost management approaches. 

I Participate with appropriate Federal agencies to 
study and develop reimbursement strategies foi 
indirect costs, particularly the facilities compo- 
nent. 

m Develop strategies that balance the relationship 
between the direct and indirect componaits of the 
total costs of research. 




Peer Review 


■ HE INDEPENDENT PEER REVIEW SYSTEM HAS BEEN A KEY TO THE SUCCESS OF NIH. TO 
ENSURE THAT THE BEST SCIENCE IS FUNDED, NIH MUST CONTINUALLY REEVALUATE AND 
STRENGTHEN ITS PEER REVIEW SYSTEM. HOWEVER, SCIENTISTS HAVE RAISED QUESTIONS ABOUT THE 


system — that the process is slow and burden- 
some; that new, innovative, and creative ideas are 
undervalued; that areas of rapidly expanding sci- 
ence are not readily accommodated by the exist- 
ing study section structure; and that cronyism or 
scientific conservatism may influence some review 
groups. These concerns must be addressed, or the 
vitality and integrity of peer review itself could be 
compromised. 

Since 1946, NIH has employed a two-tiered 
peer review system to evaluate the thousands of 
grant applications it receives yearly. The first level 
of peer review is performed three times a year by 
more than 150 Initial Review Groups (IRGs) 
charged with the responsibility to assess grant 
applications for scientific and technical merit. In 
all, more than 2,400 individuals participate in peer 
review each year. IRG members are among the 
most knowledgeable, well-respected scientists in 
their fields, and are drawn broadly from the scien- 
tific community. Their assessments of each appli- 
cation are compiled in a summary statement that 
provides a critique of the proposed research, as 
well as a priority score and a percentile rank. In 
1992 alone, these IRGs reviewed a total of 28,000 
grant applications for research and training sup- 
port, with some of the grant submissions several 
hundred pages in length. 

As the scientific community has grown in 
numbers and science has grown in complexity, 
NIH peer review policies and procedures have 
been modified to meet changing conditions. In 
the process, NIH also has sought to meet the need 
for a growing number of scientists qualified to 
engage in peer review across all areas of biomed- 
ical and behavioral research. Since NIH peer 


review is a dynamic, not static, process, it will 
continue to introduce changes to improve its 
effectiveness and quality. 

Initiatives in the area of peer review include; 

■ Eiilimiceiiicnt of Initial Rcoiew Groups 

■ Guidelines for Multi- Inuesti^iiator Fnndinii 
Mcclianisins 

■ Improved Oversight oj the NIH Review Process 

Enhancement of Initial Review 
Groups (IRGs) 

The succe.ss of NIH extramural programs depends 
heavily on the quality of individuals who partici- 
pate in the peer review process. Thus, NIH seeks 
to encourage the service of the most qualified sci- 
entists on Initial Review Groups and to broaden 
their overall level of participation. To achieve 
this, NIH must communicate information about 
the need for qualified reviewers and the impor- 
tance of service on study sections to a wider seg- 
ment of the scientific community, as well as to 
senior staff of the institutes. Scientists who partic- 
ipate in peer review must be prepared to make 
objective decisions regarding the merit of a 
research project, free of any conflicts of interest, 
and equipped with the expertise necessary to 
review specific grant applications. 

Specific recommendations to ensure the 
highest quality peer review include the following: 
(1) conducting periodic evaluation of the process 
by which the institutes suggest members for the 
IRGs; (2) holding periodic meetings with NIH 
leadership and chairpersons of IRGs to exchange 
views and evaluate peer review policies and pro- 
cedures; and (3) developing a comprehensive 
communications package of videotapes, hand- 
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books, and other materials to infonn and educate 
all scientists who become members of the IRGs. 

Guidelines for Multi- 
Investigator Funding Mechanisms 
Many institutions across the country' receive pro- 
gram project and center grants awarded to princi- 
pal investigators involved in broad-based, multi- 
disciplinary, multiyear research ranging from basic- 
science to clinical projects. To ensure fairness and 
objectivity, NIH seeks to develop well-defined 
guidelines for program project grants involving 
multiple investigators. CuiTently, the review pro- 
cedures and practices for program grant applica- 
tions differ among institutes. To ensure equity ot 
opportunity' among applicants, NIH will closely 
examine and retine these procedures to ensure 
their unifonnity' across NIH. Regular review of 
the program needs ol institutes whose missions arc 
advanced by these interdisciplinaiy' research pro- 
jects will also go a long way towards ensuring that 
projects of greatest scientific merit are funded. 

Improved Oversight of the NIH 
Peer Review Process 
The peer review process traditionally has been 
overseen pnmarily by staff of NIH. Yet the 
changing nature and increasing complexity of bio- 
medical research has made this task increasingly 
difficult. More than ever, these administrators 
need up-to-date knowledge of emerging trends 
and fields of scientific research in order to make 
the critical scientific judgments necessaty' to fine 
tune the peer review process. 

One result is that the biomedical sciences are 
now divided among many IRGs. On the one 
hand, some review groups are too narrow in 
scope, with undue emphasis on a particular sub- 
specialty or biological method. In other cases, 
there may be no chartered review group to cover 
a new, emerging field. 


To address these problems, NIH will spear- 
head a reorganization of the oversight of its peer 
review process, with particular emphasis on (1) 
assigning IRG grant applications in a reasonably 
broad subject area of science that has been deter- 
mined to be of long-term significance to the mis- 
sion of NIH, (2) conducting regular evaluations of 
the need for existing IRGs, (3) establishing new 
review panels with expertise that includes a vari- 
ety of approaches germane to particular biological 
fields, and (4) achieving greater unifonnity' of 
review practices by advisory councils and boards. 


Major Goals: Peer Review 

■ Establish a central NIH Advisory Group that 
includes extramural scientists to oversee the 
structure and procedures oj the overall peer 
review system, including the disciplinary func- 
tion and distiibution of IRGs (i.e., study sec- 
tions) and the review procedures of councils and 
boards. 

u Sustain and enhance the quality of peer review 
tvith an emphasis on identifying innovative 
aspects of gtw It applications. 

m Develop means to increase the willingness of 
highly qualified scientists, including women and 
members of minority groups, to serve on IRGs. 

■ Develop means for assuring the quality and 
unifonnity of peer review being conducted by 
individual institutes outside of the Division of 
Research Grants. 
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Aliiuiys do the riolu lliiny^, it irill {ihitify some people and astonish the rest. 


— Mark 'rw.-\i\, \fiinii\Kiiinihor 


s a public enterprise of vital importance to eveiy man, woman, and child in this country', 
we must hold ourselves to the highest standard. Only by so doing will we continue to 
deseiwe the public's trust. In opinion polls, NIH consistently ranks among the most respected govern- 
ment agencies, but this respect cannot be taken for granted. The rapid progress and growing complexity 
of science and the public’s heightened expectations for the research enterprise necessitate closer attention 
to social, legal, and ethical issues inherent in biomedical and behavioral research; professional standards of 
science; efficient communication of facts to the public; the impact of research on health care, and trans- 
ferring technology and fostering collaborative endeavors in the public interest. 
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Social, Legal, Ethical, and Economic 


Issues in Biomedical Research 



.OMEDICAL RESEARCH PURSUES THE UNIVERSALLY ACCEPTED GOALS OF IMPROVING 
health and REDUCING THE BURDENS OF DISEASE AND DISABILI TY. PROGRESS IN THE 


PURSUIT OF THOSE GOALS CAN OCCASIONALL^ 


PRESENT DIFFICULT SOCIAL, 


LEGAL, ETHICAL, AND 


economic challenges. Increasingly, the scientihc 
community and the public and its representatives 
are confronted with complex questions concern- 
ing the content and conduct of research and the 
application of discoveries and innovations to 
health needs. 

For example, clinical research on women ot 
child-bearing age, children, the eldeily, the indi- 
gent, and minorities raises a host ot ethical issues 
and safety concerns, ranging from potential health 
risks to obtaining intonned assent and consent 
from vulnerable subjects. Other sensitive issues 
include research on pathological behaviors, such as 
violence; research involving human fetal tissue; 
and compassionate use of expenmental therapies. 

In the area of human genome research, there is a 
great need for guidance and new policy constiucts 
on ethical, legal, and social issues. As new genetiL 
knowledge and subsequent therapeutic modalities 
present opportunities for revolutionarv’ improve- 
ments in health care, they also raise the potential 
for inappropriate or unethical use ot this knowl- 
edge, such as abuse ofpnvacy, discnmination in 
employment or education, and restricted access to 
insurance. 


A gi*owing number of science policy issues 
increasingly compete for the attention ot society , 
policymakers, and the biomedical research com- 
munity'. If these issues are not addressed responsi- 
bly and comprehensively, they could undeimine 
public tiTist in science and its institutions. This 
could impede research and delay public accep- 
tance of the fruits of discoveiy. 

NIH will carr\’ out its leadership responsibili- 
ty to identify, prioritize, and analyze social, legal, 
ethical, economic, and associated issues that arise 
from NlH-supported research. To address these 
concerns both comprehensively and expeditiously, 
NIH will put in place a fonnal system tor address- 
ing these issues, with the aim of seeking broad 
public input and developing policy recommenda- 
tions. The major NIH initiative in this area is: 

■ Sric//a’ Policy Stiulics Center 
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Science Policy Studies Center 
The new NIH Science Policy Studies Center, 
established in Januaiy 1993, will provide a central- 
ized capability to address, in a forward-looking, 
systematic manner, cross-cutting science policy 
issues that affect the entire NIH research enter- 
prise and the agency’s ability' to carry' out its mis- 
sion. Through studies and development of policy 
options and recommendations, the Center will 
help inform science policy decisionmaking. 
Center-developed policy recommendations will 
help ensure that NlH-supported research contin- 
ues to be conducted in an ethically and socially 
responsible manner. 

NIH will also consult with outside individu- 
als and organizations as it addresses social, legal, 
ethical, economic, and associated issues that bear 
on the performance of biomedical research and its 
role within society'. Through its new Center, 
NIH will forge working partnerships with indi- 
viduals and organizations with expertise in the 
many areas that pertain to NlH’s science and 
health mandates. Such cooperation will ensure 
balanced evaluations of complex, often controver- 
sial issues. 


Major Goals: 

Social, Legal, Ethical, and 

Economic Issues in Biomedical 

Research 

■ Implement the NIH Science Policy Studies 
Center and integrate the policy options and rec- 
ommendations developed through its studies into 
NIH’s decisionmaking process, dohig so with 
broad input from affected communities. 

m Establish a Scholars Program to attract promi- 
nent individuals to work within the NIH 
Science Policy Studies Center for a limited time. 

m Develop an '‘early alert” capability within the 
Center to track and evaluate medical innova- 
tions and scientific advances to permit early 
identification of potential social, legal, ethical, 
and economic issues arising from NIH-support- 
ed research. 

■ Enhance the research community's understand- 
ing of and sensitivity to the importance of 
addressing social, legal, ethical, and economic 
issues during the early phases of research. 
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NIH AND THE Nation’s Economy 



IH-supported research contributes significantly to the Nation’s economic 

PROSPERITY, AND THE SIZE OF THOSE CONTRIBUTIONS CONTINUES TO INCREASE. 

Translated into new or improved prevention, diagnostic, and therapeutic technologies. 


scientific understanding of health and disease has 
reduced the costs associated with injury and ill- 
ness. According to a 1990 analysis, for example, 

26 technologies derived from research supported 
by an NIH investment of about S800 million, 
yield annual cost savings exceeding S6 billion, 
translating into a 600 to 800 percent annual return 
on investment. 

The health of U.S. citizens underpins the 
Nation’s productivity. Convenely, soaring 
expenditures for health care undermine efforts to 
improve U.S. productivity and industrial competi- 
tiveness. Knowledge and methods generated by 
biomedical research are critical to efforts to 
improve the health of the U.S. workforce, reduce 
worker absenteeism due to poor health, and to 
rein in health-care costs that now represent over 
13 percent of the gross domestic product and 
account for nearly 12 percent of Federal expendi- 
tures. The spiraling cost of health care is one of 
this Nation’s most vexing problems, and NIH 
must be part of the solution. Effectively applied 
and widely disseminated, infomiation and tools 
generated by NlH-supported research will help 
control costs in the long run. The challenge is to 
translate research results into useful applications 
and speed the transfer of these applications to the 
appropriate target populations, such as physicians, 
hospitals, public health departments, schools, or 
neighborhood clinics. 


NIH-sponsored research also generates 
knowledge, ideas, and tcchnologv' that important 
U.S. industries have converted into competitive 
advantages. NlH’s sustained support of basic bio- 
logical research launched the U.S. biotechnology 
industry to its world-leadership position. The 
much larger U.S. phannaceutical industry, also an 
international leader, has benefited enonnously 
from the NIH-supported infrastructure for 
research and training. 

The links between NlH’s mission to improve 
human health and the Nation’s economic well- 
being are many, if not always well recognized by 
members of the public and their representatives. 
NIH is strengthening these links with the aim of 
reducing the social and economic burdens of dis- 
ease and disability^ and consequently reducing 
health care costs. In parallel, it must evaluate and 
communicate the full impact of its research to 
help guide budgetary decisions that affect the 
scope and direction of NlH’s research programs. 
An initiative in this area is: 

■ Eavwniic Impact Studies 
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Economic Impact Studies 
NIH, under the auspices of tlie NIH Science 
Policy Studies Center, will regularly conduct 
analyses of the social and economic costs of specif- 
ic diseases and the impact of NIH research on 
reducing these costs. Cemtinuing analysis of the 
burdens of illness — extending beyond morbidity 
and mortality to include associated spending for 
health and other costs — will help NIH set its 
research priorities and target activities within those 
priorities. 

The results of such studies also will help NIH 
demonstrate and communicate the tangible bene- 
fits that can be traced to biomedical research. In 
addition, the information will be especially useful 
to the NIH leadership not only in developing its 
budget request but in justifying that request before 
Congress. Reliable impact analyses could also 
lengthen planning and budgeting horizons by 
demonstrating the benefits that can accrue to 
long-term basic research elTorts. 


Major Goals: NIH and the 
Nation’s Economy 

■ Initiate economic impact studies to determine 
cost implications and chatiges in health and 
health care practices and delivery as a result of 
NIH research and outreach efforts, 
u Identify and analyze major cunent and enier^- 
u{{f economic issues arising from NIH-supported 
research, and develop options for policy recom- 
mendations as needed. 
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HE communication OF SCIENTIFIC AND HEALTH INFORMATION IS ESSENTIAL TO NIH’S 
MISSION. Applying the knowledge generated by NIH research to extend 


HEALTHY LIFE AND REDUCE THE BURDENS OF ILLNESS AND DIS.ABILITY REQUIRES OPTIMAL COMMUNICA- 


tions. It is caicial that NIH communicate etTcc- 
tively with many groups: scientists engaged in 
biomedical research; health care practitioners of all 
types; patients; members of the general public; the 
media; and the Congress. 

NIH must strive to ensure that biomedical 
research as well as health policy, health practices, 
and health news coverage are based on the best 
scientific information available. New advances 
critical to health must be communicated accurate- 
ly and expeditiously. It is also important that the 
NIH be seen as a credible, accessible resource for 
infonnation. Well-designed programs of infonna- 
tion and outreach contnbutc to the perception of 
NIH as a valuable public resource. 

Regional meetings on the Strategic Plan have 
underlined the lact that NIH needs to put more 
emphasis on communicating with the general 
public on a more local basis. The substance of 
NIH’s communications programs should include 
infonnation on the latest research advances and 
consumer-oriented health messages, but should 
also convey the creative process ot science. 

An enhanced communications program will 
provide valuable infonnation on health choices, 
inspire young people to enter careers in the life 
sciences, and elevate the scientific literacy of the 
general public. Enhanced communication wall 
benefit NIH: without the support of the public, 
NIH cannot thrive. The major initiative in this 
area is: 

■ Tiwis-NIH Coiinimiiicatioits Strategy 


T R A N s - N I H Communications 
S 1 R A 1 E G Y 

A trans-NIH communications strategy' w'ill be 
developed to ensure optimal use of the communi- 
cations components throughout the institutes. The 
plan w ill coordinate health messages and infonna- 
tion on new' scientific discoveries through better 
integi'ation of NIH resources and enhanced 
reliance on computer and video technologv'.. 
Special emphasis will be given to coordination 
with giantee institutions, regional health organiza- 
tions, and existing health networks to ensure broad 
dissemination of the results of publicly funded 
research. The trans-NIH communications strategN' 
w ill enlist wader use of new communications tech- 
nologies. 


Major Goals: COxMmunicating 

WITH the Public 

■ Develop over the next year a coordinated trans- 
NIH cornninnications strategy that inclndes 
NIH grantee institutions and state health 
departments in the NIH Public Outreach 
Network. 

m Target increased coverage of NIH across the 
Nation, emphasizing mid-sized city media 
markets and background programs for regional 
reporters. 

■ Improve access to emrent research updates for 
patients and for health care professionab , partic- 
ularly those in undersewed rural and inner-city 
communities. 
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Diana Garr\' 

Arthur Garv'ey 
W. Brad Gai-y 
James R. Gavin, III 
Anthony Gawienowski 
Gillian Geffen 


Michael K. Gemmell 
Caroline A. Genco 
Susan A. Gerbi 
Mandn Gershengorn 
Elliot S. Gershon 
Joseph Geitner 
Robert C. Gesteland 
Lawrence Gettleman 
Moheb M. Ghali 
Mahmoud A. Ghannoum 
Claude P.J. Ghez 
Mamdooh H. Ghoneum 
Elsa Giardina 
Gerhard Giebisch 
Daniel W. Giffoit 
Alberta Gilinsky 
Gordon N. Gill 
Saijeet Gill 
Thomas J. Gill, III 
Samuel Gilman 
Lawrence Gittleman 
Stanton A. Glantz 
Delbert Glanz 
Ronald Glaser 
Russell E. Glasgow 
Linda Glazner 
Melvin J . Glimcher 
Joseph Glorioso, III 
Jan Goddard- Finegold 
Martin Goffman 
Martin Goland 
David Gold 
Herbert Goldberg 
Israel Goldberg 
Jay M. Goldberg 
Kirsten Goldberg 
Marcia Goldhirb 
Leroy Goldman 
Michael Goldrich 
Bernard D. Goldstein 
Irwin J. Goldstein 
Julius L. Goldstein 
Walter Goldstein 
Cannella Gonnella 
Morris Goodman 
Murray Goodman 
Robin F. Goodman 
Charles D. Goodwin 
William J. Goodwin 
Phyllis M. Gootman 
Leon Gordis 
Dorothy Gordon 


Frank J. Gordon 
James W. Gorman 
Bobby Gonnus 
Edward Gottheil 
Kenneth Gould 
lames Gowan 
Jere E. Goyan 
Richard Grabowy 
Kathleen Grady 
Ralph J. Graff 
i:)elores E. Graham 
Glenn D. Graham 
Andrew J. Grant 
Gregory' A. Grant 
Marcia Grant 
Daniel Green 
Maurice Green 
Lowell M. Greenbaum 
Raymond Greenberg 
John C. Greene 
Janet L. Greger 
Ira Greifer 
SJ. Grobe 
Maiw Groesch 
Jane De Ciroot 
George T. Grossberg 
Sidney E. Grossberg 
Melvin M. Gminbach 
WaiTen S. Grundtest . 
Sol M. Gainer 
F. Peter Guengerich 
Milton Guess 
James L. Gumnick 
Robert Gunn 
Steve Gust 
Francie A. Gutman 
Ephraim T. Gwebu 
Paul Haake 
WardJ. Haas 
Kurt Habel 
Gabriel G. Haddad 
Dennis Hadlock 
R. Fritz Llafer 
Dudley H. Hafner 
Gilbert FT. Hageman 
Jody Hager 
W lUiam J . Haggerty 
Bevra Hahn 
Benjamin D. Hahn 
Daniel J. Hale 
Shirley Haley 
C. William Hall 


W. Dallas Hall 
Jeffrey B. Halter 
Curtis G. Haines 
lames Hamilton 
Marc R. Hammemian 
Richard Hammerschlag 
Gordon G. Hammes 
G. Denman Hammond 
Sarah E. Hampson 
Margaret Hanberg 
Gregory' F. Handlir 
Gary' D. Hankins 
Roger T. Hanlon 
Kathi E. Hanna 
Thor Hanson 
Ralph Hardy 
Ken Hare wood 
J. Randolph Hang 
Laurence A. Marker 
Richard E. Flarlan 
William E. Hannon 
Ronald Haiper 
loanne S. Haaell 
William Haaell, Jr. 

Anthony M. Hamman 
Gerald F. Hams 
James P. Hanis 
Sandra B. Flaais 
Steven B. Harris 
Sandra A. Harns-Hooker 
Barbara Hamson 
Donald C. Hamson 
Gail G. Hamson 
Robert L. Hartsfield 
John ). Haiwey 
Syed Q. Hasan 
Richard Hasbrook 
Teiry' Hassold 
John Hastings 
Glenn Hatton 
lames Haughton 
Pam Haughton-Denniston 
Herbert A. Hauptman 
Erhard Haus 
Mark R. Haussler 
William A. Haussmann 
Oron F. Haw'ley 
Dora K. Hayes 
Edward F. Flayes 
Laura Hayman 
Susan E. Hazelwood 
Dwight B. Heath 
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Garrett T. Hcbcrlcin 
Judith Hcekniaii 
janyce Hedetniemi 
Cicorge A. Hedge 
Ruth Johiissoii Hegyeli 
Howard S. Heiman 
Elizabetli Held 
Alice Hellerstein 
Andrew Hendricks 
Karen 1 lendricks 
Barbara N. Heniy 
Lucy Heniy 
Ronald J. Heniy 
Leon A. 1 leppel 
Ckivin S. Herbert 
Russell E. Hennes 
Karl Herrup 
Alice Hersh 
Sarah 1). Heitfelder 
Josef E. Herz 
Leonard Herzenberg 
Ronald D. Hess 
Victor Hesselbrock 
Warren Hester 
Stephen 1^. Heyse 
Teny L. Hickey 
Tom 1 lickey 
Stephen M. Highstein 
Charles Elildebolt 
Craig 1 lillemeier 
John 1 1. Himes 
Richard L. Hinman 
Raymond L, Hintz 
Lawrence 1 lipshman 
Sherry Hirota 
Henry R. Hirsch 
Karol Hitt 
KarlJ. Hittelman 
George C. 1 lixon 
James E. Hixson 
Janet M. Hock 
Idiilip. E. Hockberger 
Myron Hofer 
Daniel D. Von Hoff 
Daniel A. HolFman 
Robert Hodman 
Alan F. Hofinann 
Carol C. Elogue 
Karen A. Holbrook 
Joseph Holden 
Maurice S. Holder 
Barbara K. Hollis 


William L. Holman 
Frank Holmes 
B.D. Holt 

G. Richard Holt 
Darold Holten 
Michael J. Holtzman 
Donald Hook 
Patricia Hooper- Wolfl* 
Laura L. Mays Eloopcs 
Sue Keir 1 loppe 
Allen B. Horne 

C'llen L. Eloitin 
Rustin Howard 
Sandra Howard 
Elizabeth Howe 
John E. Howe, 111 
Maiylyn A. Howe 
Jennifer L. Howse 
WiUiam J.M. Hrushesky 
Keith A. Elniska 
Ciueh-Djen Hsiung 

H. Huang 
Gene B. Hubbard 
Donald R. Humphrey 
Frederick Humphries 
Maiy M. Elunter 
Meredith Elunter 
Robert M. Hunter 
Roy Hunter, Jr. 

1 l.T. Hurd 
John CL 1 lurd 
M. Wayne Hurst 
Daniel 1 lutchinsoji 
Susanne L. Huttner 
Hugh E. Huxley 
Virginia Eluxley 
Robert S. Hyde 
William A. Hyslop 
LTmiel C. Hide 
Christopher Ikediobi 
Mie-Jac Im 
Julie Ingelfinger 
David L. Innes 
Richard Intres 
Titi Ajoke Ipadeola 
Gaiy E. Isom 
Brian Issell 
Aaron CL Jackson 
Julius H. Jackson 
Maiy' Lou L. Jackson 
Richard Jackson 
Rudolph E. Jackson 


Harry R. Jacobson 
Jean Jacoby 
Robert O. Jacoby 

A. S.Jart'e 
John James 
Bernard Janicki 
Gaiy Janik 
Edward G.Janzcn 
John A. Jarcho 
Jeriy Jasinski 
Robert Jenko 
Janies L. Jensen 
Donald Jewett 
Sandra L, Jewett 
Kurt Jobe 
Raymond F. Johes 
Lucy Johns 
Robert S. Johns 
David Johnson 
Ernest W. Johnson 
James Johnson 
Patrick B. Johnson 
Wendy S. Johnson 
Carl E. Jones I 
David J. Jones 
Dean P. Jones 
Fred Jones 
James CL Jones 
Johnnye M. Jones 
Leslie S. Jones 
Peter A. Jones 
Richard Jope 

B. Kathleen Jordan 
Elka Jordan 

Jasna D.Jovanovic 
Ronald W. Joyner 
William Joyner 
Charles Kaars 
Ckir Kaganowich 
Jean S. Kalian 
Heniy S. Kahn 
Bonnie Kalberer 
Michael J. Kallock 
Candace M. Kammerer 
Patrick Kanda 
Hem*)' Kaplan 
Attallah Kappas 
Ronald Kartzinel 
Peter Katona 
Arnold M. Katz 
Richard T. Katz 
David 1. Kaufman 


Leon Kaufman 
Mar\’ Kay 
Mary Lee Keane 
Arnold R. Keen 
Thomas CL Keens 
Elazel Keiniowitz 
Andrew B. Kelley 
Douglas Kelley 
Eamon M. Kelly 
Bette Keltnian 
Miriam F. Kelty 
W. Michael Kemp 
Charles D. Kennedy 
Slieny Keramidas 
Gaiy Kesling 
Edward A. Khairallah 
Hari Khalsa 
Keith F. Killani,Jr. 

Robert Killoren 
Li)uck C^. Kim 
Harold K. Kimelberg 
i:)avid K. King 
Lewis King 
Spencer B. King 
Corinne Kirchner 
Joan CL Kirkendall 
Dr. Samuel A. Kirkpatrick 
John M. Kirkwood 
Marc W. Kirschner 
Joseph J. Kish el 
Saulo Klahr 
Michael EL Klapper 
Harold L. Klawans 
Cdiarles R. Kleeman 
Donald F. Klein 
Duslianka Kleinman 
Nancy Klepper 
Robert R. Klevecz 
James P. Kleven 
Janies R. KJinenberg 
O. Ray Kling 
Nonnan Klonibers 
Edward M. Kloza 
Cjary Knight 
Paul M. Knopf 
Patricia C. Kobar 
Cieorge S. Kobayashi 
Richard Koch 
James B. Koenenian 
Cynthia Kolb 
Jordan Konisky 
Invin Kopin 
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Thomas KoppcnhefFcr 
David Korn 
Edward Korn 
Arthur Kornbcrg 
Abraham M. Kotliar 
Richard Kouri 
Joseph K. Kovach 
SandorJ. Kovacs 
Cynthia D. Kowal 
Jerome Kowal 
Danuta Kozbor 
George R. Kracke 
Martin Krag 
Robert Kranz 
Richard M. Krause 
Ronald M. Krauss 
Alan G. Kraut 
Barbara E. Krcam 
Clint Kreitner 
George KreU 
Thomas A. Krenitsky 
Nomian Kretchmer 
David N. Ku 
Caroline Kuan 
Fred Kueppers 
Robert T. V. Kung 
David Kupfer 
John Kurantz 
WiUiam Kurtin 
S. Kurtzman 
JefFKushner 
Sidney R. Kushner 
Rampratap S. Kushwaha 
Nancy G. Kutner 
Shigeyuki Kuwada 
Alvin L. Kwiram 
Steven L’Hernault 
Darwin Labarthe 
Anthony B. Laconti 
Karol A. Lacroix 
Michael Lai 
Nan Laird 
Joan M. Lakoski 
Harbans Lai 

Colonel James M. Laniiell 
Horace H. Lanan 
M. Peter Lance 
William M. Landau 
Kenneth Landorf 
Lionel Landry 
Robert E. Lanford 
Max Lang 


Robert Langer 
Thomas W. Langtitt 
Mary' Langman 
J. William Langston 
JamesJ. Lannon 
Charissa R. Lansing 
Louis C. Lasagna 
Lorraine Lasker 
Lekan Latinwo 
Dianne F. Lattemann 
Eaton E. Lattman 
Hans Laufer 
Henderson Laura 
Kenneth Laurence 
Paul C. Lauterbur 
Paul E. Lavoie 
Peter K. Law 
Thomas J. Lawley 
Jeanne B. Lawrence 
Elizabeth Lawton 
Diem D. Le 
Alexander Leaf 
Mary' Leary' 

Robert S. Ledley 
Burton Lee 
Peter A. Lee 
R. Donald Leedy 
Pete Leininger 
M. Michelle Leland 
Darryl Leon 
Joel Leon 
Donald J. Leone 
E.C. Leroy 
Patricia Lessler 
Benjamin S. Leung 
Jacqueline Leung 
Sue Levi-Pearl 
Robert M. Levin 
Arthur Levine 
Marion Levine 
Michael Levine 
Jay M. Lewallen 
James E. Lewis 
Patricia Lewis 
Barbara W. Lex 
Ronald D. Ley 
Ting-Kai Li 
You Qin Li 
Michael J. Lichtenstein 
Richard Lieber 
John C. Liebeskind 
Gregory L Lieu 


Meyer D. Lifschitz 
David Lim 
Lee E, Limbird 
John Linehan 
Markku Lmnoila 
Leslie Lipkind 
David J. Lipman 
Richard A. Lippin 
Lewis P. Lippsitt 
Lewis P. Lipsett 
David Lister 
Woo-Kuen Lo 
Jarod M. Lobe 
Gerald E. Loeb 
Kenton L. Lohman 
Loretta G. Long 
Steven Long 
Daniel Longnecker 
William B, Looney 
Catherine Lord 
Ruy Lourenco 
William R. Lovallo 
Robert Low 
M. David Low 
Nancy K. Lowe 
Jan M. Lowery' 

Robert Lowman 
Robin P. Lowry' 

Frances Luban 
Douglas M. Lublin 
David O. Lucas 
Lynn A. Lucher 
Pierre Ludington 
Donald H. Luecke 
Robert Lundick 
Anita Smith Lunsford 
James E. Lyddy 
Richard A. Lyders 
Alan Lyles 
Richard G. Lynch 
Samuel Lynch 
Doris J. Lyons 
Jean W. MacCluer 
Earl R. MacConnac 
William P. MacConnell 
Robert W. Mack 
Marlene C. Mackey 
Ian C. MacLean 
Carol Macleod 
John Magnotta 
Roger P. Maickel 
John C. Makemson 


Alexandros Makriyannis 
George M. Malacinski 
Mary' Malaspina 
Carl D. Malchoff 
Robert W. Mann 
Geneva Marcel 
Lorraine H. Marchi 
Keith Marcotte 
Michele Marcus 
Thomas H. Mareci 
Hildegard R. Maricq 
Barbara V. Marin 
Elizabeth Marincola 
Margaret Marini 
Clement L. Markert 
Charles Markham 
Steven Markowitz 
Lloyd A. Marks 
Janine Marlatt 
Christopher Guy Marlow 
Vasilis Mamiarelis 
Donald Marsh 
Paul M. Martha 
Clair E. Martin 
George Martin 
J. Ricardo Martinez 
Diana Marver 
Luigi G. Marzilli 
Shaul Massry' 

Khushi Matta 
Walter Matystik 
John H. Mauldin 
Burton Mayblum 
Laurin Mayeno 
John E. Mayfield 
Douglas Maynard 
Douglas Maynard 
Anthony Mazzaschi 
John C. Mazziotta 
Samuel M. McCann 
John R. McCarrey 
David A. McCarron 
Dennis McCarty' 

James D. McChesney 
Roger O. McClellan 
James McClelland 
Jo Ann McConnell 
John P. McConnick 
Katherine O. McCoy 
Clyde B. McCoy 
Donald A. McCnmmon 
Kilmer S. McCully 
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Robert McCiinney 

Sue Michels 

Arno G. Motulsky 

Diane J. Nugent 

Robert F. McDemiott 

MaiT Miers 

Michael Muehe 

Klaus Nuki 

Clement I . McDonald 

Ten*)' M. Mikiten 

Patricia W. Mueller 

Roger Nussenblatt 

Jan M. McDonnell 

Mark Milanick 

Hasan Mukhtar 

Michael C. O’Grady 

Patrick J. McDonough 

Kathy Milholland 

James E. Muller 

Ben W. O’Malley 

Mar\' McElroy 

Stephen J. Millar 

Hugh F. Mulligan 

DanielJ. O’Neil 

* Stephen A. McFadden 

Alan Miller 

Cynthia D. Mulrow 

Michael O’Neil 

E.R. McFadden, Jr. 

1. Douglas K. Miller 

Frederick Muiphy 

James O’Rourke 

Hem*)' C. McGill, Jr. 

Gerald Miller 

John M. Murphy 

Fla via O’Rourke 

James E. McGiiigan 

James 13. Miller 

Laura L. Murphy 

Edith T. Oberley 

William McGuire 

Michael J. Miller 

Les Murphy 

John Obemian 

Tracy McIntosh 

Richard K. Miller 

Michael Murphy 

Gilbert O. Ogonji 

Ross McIntyre 

Roy E. Miller 

Richard F. Muiphy 

Rolf Lennart Oilman 

David McKee 

Sanford A. Miller 

Robert C. Murphy 

Torn Oka be 

Thomas W. McKenna 

Robert B. Millman 

Evelyn Mumll 

William Okamura 

Mana McKenzie 

Barbara Mills 

Krishna K. Murthy 

Robert K. Oldham 

Guy M. McKhann 

Suzanne S. Miira 

Diana G. Myles 

Neil B. Oldridge 

John A. McLachlan 

Edith P. Mitchell 

John Naegele 

Don Ol.sen 

Steven McLaughlin 

Gail K. Mitchell 

Vel Nail- 

Richard W. Olsen 

Faith Me Leila n 

Andy Mitzen 

Govindan Nambiar 

Anna Omeiy 

; Sean McLinden 

Wayne Mitzner 

Pamela Nash 

Gloria Oppenheimer 

Audrey R. McMahon 

Victoria J. Molfese 

Peter E. Nathan 

Roslyn W. Orkin 

, Daniel P. McMahon 

Sharon Monsky 

Daniel Nathans 

Paul OiT 

Linda McManus 

James E. Montie 

James W. Neel 

Eugene P. Omnger 

' Edward H. McManus 

Darlene W. Mood 

Virginia Neelon 

Mar)' Jane Osborn 

Richard Meagher 

William H. Mook 

John M. Neff 

Voula K. Osganian 

W.D. Means 

Dudley Moon 

Donald W. Neilsen 

George Osol 

Rajko Medenica 

George P. Moore 

Gene A. Nelson 

Sherbyn W. Ostrich 

Suzanne Medg)'esi- 

Melvin R. Moore 

Robert Nerem 

Setsu Ota-Gee 

Mitschang 

Michael R. Moore 

Maria 1. New 

Kenneth J. Ottenbacher 

Miguel A. Medina 

Pam Moore 

William New 

Jim Over 

Gregor)' P. Melcher 

Pearle Moore 

Ronald Newbower 

Kenneth Paigen 

Luis V. Melendez 

Lewis J. Moonnan,Jr. 

Samuel R. Newcom 

James P. Paladino 

Fran Du Melle 

Elizabeth Moran 

Robert F. Newkirk 

loannis Papayannopoulis 

Dinky T. Mellema 

Carole C. Morelia 

Sarah W. Newman 

Leonard P. Paplauskas 

1 Shlomo Melmed 

Joann Moretti 

Roger Ney 

Nancy Pappas 

Michael Melson 

1 

Alan R. Morgan 

Raymond Niaura 

David Parker 

j Paul Mendel-sohn 

David L. Morgan 

John F. Niblack 

Kathlyn A. Parker 

1 Neil H. Mendelson 

James P. Morgen 

Michael F. Nichols 

John S. Parks 

Robert Mendez 

C.M. Moriait)' 

Rodney Nichols 

Richard T. Pamiley 

' Carolyn B. Menis 

Curtis Morris, Jr. 

Christine E. Niekrash 

Nicola C. Partridge 

! Mani Menon 

Deborah Morris 

Margaret A. Nield 

Debra Pasquale 

Melinda Mercer 

Hughlett Moms 

Charles H. Nightingale 

Nita Patel 

Stephen Mergenhagen 

Julian Morris 

Nicholas P. Ninos 

Christopher A. Paterson 

j Anthony Merritt 

Aubrey R. Momson 

Gar)'J. Noel 

Margie Patlak 

Bradie Metheny 

Shaun F. Morrison 

Allen Norin 

Wayne I^atterson 

Nonna A. Metheny 

Phillip R. Moitow 

Anthony W. Nomian 

Evan G. Pattishall 

Henry Metzger 

Steven G. Morton 

E. Pinina Non'od 

Curtis L. Patton 

Roger E. Meyer 

Donald E. Mosier 

Laurel Northouse 

Steven Paul 

! Abbey Meyers 

Stephen R. Mosier 

Fernando Nottebohm 

Nancy Paulsen 

Barnett S. Meyers 

James W. Mosley 

Nick Novak 

John E. Pauly 

Roberta H. Meyers-Elliott 

Kenneth Mossman 

Rachel Nowak 

R. Mark Payne 
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Michael I . Peach 
Cheg Pearson 
Martha Peck 
William A. Peck 
Denis Pelli 
N. Rao Pemmaraju 
NolaJ. Pender 
Robert K. Pendergi-ass 
Sheny Penicook 
Roger B. Perkins 
Alan Perla 
Lynn Perlmutter 
Robert PerlotT 
Alan l\'nnutt 
Marshall A. Pennutt 
Benvenuto Peniis 
Barbara Perrone 
Jacquelin Peny 
Anders V. Persson 
Frances Peter 
Envin H. Peters 
l^ouglas E. Peterson 
James Peterson 
John Peterson 
Anne Petruska 
Jay W. Pettgrew 
Lawrence D. Petz 
Gholam A. Peyman 
Kirk C. Phares 
Paul Phelps 
Daniel M. Philbin 
David P. Philipp 
CarletonJ. Phillips 
Kate Phillips 
Kathy S. Phillips 
Michael Phillips 
F. Xavier Pi-Sunyer 
Mary Picciano 
Roy Pickens 
Larr\' K. Pickering 
Thomas G. Pickering 
David Picou 
Anne L. Pierce 
Carl W. Pierce 
Robert V. Pierre 
David Pinter 
James A. Pittman, Jr. 
Mary' C. Plaska 
Ernest J. Plata 
Robert D. Platz 
Glenn Plunkett 
Angelika Pohl 


Kenneth Pohlman 
Kenneth L. Polakoski 
Margaret L. Polinsky 
Fran Pollner 
Roberta Pollock 
Stephanie Polowe-Aldersley 
Ninez Ponce 
Ruth Poole 
Chi-Sang Poon 
H. Popiela 
Don Poppke 
Alan G. Porter 
David Potter 
Alice M. Powell 
William J. Powers 
Marvin Preston, IV 
Richard Price 
Robert H. Purdy 
Charles E. Putnam 
Debra K. Pylype 
Vito Quaranta 
Peter J. Quesenbeny 
Carl Quong 
Shanthi Raam 
Alan S. Rabson 
Stephen Radecki 
David L. Rainwater 
Lawrence G. Raisz 
Buddy D. Ratner 
William H. Rauckhorst 
Peter M. Ravdin 
Anuradha Ray 
Lynne Reagan 
Nancy E. Reame 
Renee Reams 
Ken Redda 
Evelyn Redding 
Barbara Redman 
Roberta G. Reed 
Carol J. Reichenback 
Marcus M. Reidenberg 
Liane Reif-Lehrer 
Brian D. Reilly 
Lee A. Reinertsen 
Danny Reines 
C. Gary' Reiness 
Carol Reinisch 
Michael Reiss 
Ann Remmers 
AiTiold Revzin 
Gillian Reynolds 
Herbert Reynolds 


David Rhodes 
Elaine Riberich 
Karen S. Rice 
Robert R. Rich 
Frank F. Richards 
Mary' K. Richter 
Frederick Rickies 
Miguel Rico 
Donald L. Riddle 
J. Alfred Rider 
David Rimoin 
Knut Ringen 
Jo Anne Robbins 
Abel L. Robertson, Jr. 
LOavid Robertson 
Edward S. Robinson 
Harriet L. Robinson 
John Robinson 
Roscoe R. Robinson 
Richard O. Roblin 
GrilTin Rodgers 
Kathleen E. Rodgers 
Seymour Romney 
G. David Roodman 
Dorothy J. Roof 
Daniel S. Rooks 
Amy Roome 
Leslie Roos 
Bany^ Rosen 
Beverly Rosen 
Marsha Rosenbaum 
Barbara Hatch Rosenberg 
li-win FI. Rosenberg 
Leon E. Rosenberg 
Philip Rosenberg 
Annette Rosenblum 
Peri Rosenfeld 
J. Thomas Rosenthal 
Raoul S. Rosenthal 
Robert M. Rosenzweig 
Ralph Z. Roskies 
JoelJ. Roslyn 
Muriel Ross 
Carl F. Rothe 
Ellen V. Rothenberg 
Naomi F. Rothfield 
Julia Rothstein 
Thomas Rothstein 
Joseph L. Roti 
Ronald Rozett 
Hany' Rozmiarek 
Elaine Rubin 


Ellis Rubinstein 
Andrew B. Rudezynski 
Frank H. Ruddle 
Alan Peter Rudell 
Deborah Rudolph 
Natalie S. Rudolph 
Michael A. Runk 
James F. Rusling 
Carolyn J. Russell 
Raymond Russo 
Maiy’ Gray Rust 
Peter M. Saal 
Peter Safar 
Stephen H. Safe 
Sami Said 
Milton H. Saier,Jr. 

David Saks 
Oscar Salvatierra 
Paul B. Samollow 
Charles Samuels 
Colleen Sanders 
Ira Sanders 
William Sansione 
Stephen A. Sapareto 
Michael P. SaiTas,Jr. 

Ann Sassaman 
Humphrey F. Sassoon 
Michael Sander 
Roger H. Sawyer 
Colonel Jack L. Saylor 
Charles P. Schade 
Mark Schaefer 
Robert A. Schaefer 
Anthony J. Schaefter 
Stimson Schantz 
David J. Schanzlin 
Gerald Schatten 
Jean Schensul 
Stephen Schensul 
Jim Scherer 
Teris K. Scher\' 

Raymond F. Schinazi 
Rosemary L. Schleicher 
Stuart F. Schlossman 
Geert Schmid-Schoenhein 
Bill Schmidt 
Les C. Schmidt, Jr. 
Thomas Schmitt 
Iris Schneider 
Charlotte A. Schneyer 
Peggy Schnoor 
Edward Schober 
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Virginia L. Schofield 
Gustav Schonfeld 
Neil Schrani 
Maiy Ann Schropp 
Melmur Schrott 
Richard B. Schuessler 
Sandy Schulte 
Daniel P. Schuster 
Janies A. Schuttinga 
Benjamin Schwartz 
Bill Schweri 
Franco Scinicariello 
Neal Scott 
Marvin Sears 
Karen R. Sechrist 
Johanna M. Seddon 
Paul Seder 
Frederick T. Seibel 
Richard P. Selignian 
Leonard Sender 
Robert M. Senior 
Samuel J. Shacks 
John Shadduck 
Roben E. Shade 
William M. Shafer 
A.K.M. Shamsuddin 
R. Shaper 
Bert Shapiro 
Ellen Shapiro 
Jay R. Shapiro 
Martin Shapiro 
David Sharp 
Frank Sharp 
Joan L. Shaver 
Michael F. Sheets 
Robert N. Shelton 
Judson D. Sheridan 
John F. Sherman 
Robert Sherwin 
Cindy Shewan 
James Shinkle 
Thorne Shipley 
Denese Shipp 
Tom Shiratsuki 
Maurice G. Sholas 
Cornelia Shonkwiler 
Eric Shropshire 
Elliot Siegel 
Howard J. Silver 
Martin S. Silvemian 
ErieJ. Simon 
Helen Simon 


Joseph V. Simone 
Erederick R. Singer 
Ashok Singh 
Ethel S. Siris 
Gregoiy W. Siskind 
Edward B. Siwak 
Pcrr\' R. Skeath 
Joseph L. Skibba 
Ellen Skinner 
Lana Skirboll 
Jay S. Skyler 
Harold C. Slavkin 
Jorgen Slots 
William S. Sly 
Joseph Smey 
Anderson D. Smith 
Arnold L. Smith 
Barbara Smith 
Gerard P. Smith 
Kent Smith 
Marion E. Smith 
Pam Smith 
Robert V. Smith 
Temple F. Smith 
David B. Snead 
Bill Snow 
Susan Snyder 
Virginia M. Soda 
Raphella Sohier 
Samuel Solomon 
Nathan Somberg 
Freya Lund Sonenstein 
Edmund H. Sonnenblick 
Sal Soraci 
Valery N. Soyfer 
Nonnan Spear 
Abbey Spector 
Myron Spector 
lanj. Spence 
Paulette Spencer 
Peter S. Spencer 
Mark Sperling 
Leon SperofF 
Stuart F. Spicker 
Allen M. Speigel 
Hans L. Spiegelberg 
Robert J. Spina 
Amanada Spider 
John K. Spitznagel 
William H. Spivey 
Christopher A. Squier 
Pramod Srivastava 


Philip L^. Stahl 
Mildred Stahlman 
Lisa Staiano-Coico 
Cynthia Staley 
Ross Alan Stapleton 
Kenneth Stark 
James V. Staros 
Gerald W. Staton 
Norman C. Staub 
Robert H. Stebbins 
Glenn Steele 
Alan Steggles 
Philip R. Steimetz 
Eugene Stein 
Jay Stein 
Sheiyl Stein 
Joan Stein-Streilein 
Philip R. Steinmetz 
Donald Steinwachs 
J. Wayne Sterilein 
Jack G. Stevens 
Jean Ellen Stevens 
Roy W. Stevens 
Ian Stevenson 
Andrew Stewart 
Sandra Stewart-Pinkham 
Richard G. Stoker 
Hunter R. Stokes 
Barbara J. Stoll 
Catherine Stolle 
Marcia Stone 
William 1 1. Stone 
Catherine Stoney 
Martha Storandt 
1 Ians H. Storm 
Nancy A. Stotts 
Hilton Stowell 
Thomas J. Stranova 
Imia H. Strantz 
Arnold W. Strauss 
J. Wayne Streilein 
Thomas E. Stripling 
Barbara J. Strommen 
Michael P. Stryker 
Michael Studdert-Kennedy 
Kenneth A. Suarez 
F.L. Suddath 
Gerald Sufrin 
Stephen B. Sulavik 
Peter Sullivan 
Sally Sullivan 
Anne O. Summers 


Jonathan Sunshine 
Pamela Surko 
Salvatore P. Sutera 
Manikkam Suthanthiran 
Robert M. Sutherland 
William W. Sutherling 
Constance Swank 
Kaiyl Swartz 
Harold Swartz 
Judith P. Sw'azey 
Michael G. Sw'eeney 
Fredrick Sweet 
Jenifer R. Swift 
Paul S. Sypherd 
Jose Szapoeznik 

J. Szeerban 
Paul Y. Sze 

Joseph H. Szurszewski 
Yvette F. Tache 
H. William Taeusch 
Gail A. Takahashi 
Nonnan Tala 
Stanly K. Tam 
Shiow-Shih Tang 
Alice Tangiedi-Hannon 
Richard L. Tannen 
Irach B. Taraporewala 
Michael Tarter 
Bruce Tatarian 
Alan N. Taylor 
Aubrey E. Taylor 
Beverly Taylor 
C. Barr Taylor 
Julie Taylor 

K. Grant Taylor 
Timothy N. Taylor 
Steven Teitelbaum 
Howard M. Temin 
Leigh Tenkku 
Frank R. Tepc, Jr. 

Ram P. Tewari 
Esther Thelen 
William ThiUy 
Anne Thomas 
Julian E. Thomas 
David Thompson 
Ian M. Thompson 
Donald Thomsen, Jr. 
Michael O. Thomer 
Roger Thrall 
William G. Thurman 
Cheryl J. Tice 
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David L. Tiemcier 
David F. Tininiis 
Noniian TiiianotT 
Joseph A. Toce 
Alexander Tomasz 
Lana V. Toinitch 
William D. Tomlinson 
Lex C. Towns 
Yvonne Toy 
Daniel L. Traber 
James H. Tracey 
Constantine Trahoitis 
John K.T. Tran 
Zung V. Tran 
Mel H. Tremper 
David J. Triggle 
Lisa M. Tronzo 
Melvin Trousdale 
Ronald R. Trudel 
Rose Tseng 
Rocky S. Tuan 
Philip Turcotte 
Richard Turman 
Joel V. Turner 
Russell T. Turner 
Paul D. Turnley 
Diane D. Twachtman 
William B. Upholt 
Arthur C. Upton 
John Uzzell 
Victor D. Vacquier 
John L. VandeBerg 
Daniel C. VanderMeer 
Gerald Van Hoosier, Jr. 
Michael W. Vannier 
Lyman Van Nostrand 
Ajit Varki 
James E. Vaughn 
William Velasquez 
S.D. Vestemiark, Jr. 
Carl Vennsio 
Elliot VeseU 
Agnes Vigneiy' 

Eric R. Vimr 
Jerrold L. Vitek 
W. Ralph Vogler 
Alvin Volkman 
Gerald F. Vovis 
James L. Wade, III 
Lawrence Wagman 
Conrad Wagner 
Roy Wainscott 


Charlene Waldman 
Bruce Walker 
Fredrick 1. Walker 
H. Kenneth Walker 
W. Lawrence Walker, Jr. 
Gordon Wallace 
Robert Wallace 
James K. Walsh 
Nicolas E. Walsh 
Thomas E. Walsh 
Mary A. Walter 
Ronald A. Walters 
Daniel A. Walz 
Gerald L. Wannarka 
Diane Wara 
David Warburton 
Julia Ward 
Kathy Ward 
Isiah M. Warner 
James Wanen 
Ronald Q. Warren 
Robert L. Washington 
Karlman Wasserman 
Stephen Wassennan 
Robert L. Waters 
Robert H. Waterston 
Halcyon O. Watkins 
Judith Watkins 
Nellouise Watkins 
Deena D. Watson 
Ronald Watson 
Diane Wax 
Howard M. Waxman 
Ellen Weaver 
David Weeks 
Max Weil 
Cynthia C. Weiler 
Harel Weinstein 
Lewis Weinstein 
Gordon C. Weir 
John P. Weis 
Milton M. Weiser 
Martin H. Weiss 
Myrna M. Weissman 
Marc E. Weksler 
Michael J. Welch 
Howard C. Welgus 
Sandra K. Weller 
Kenneth B. Wells 
Robert 1. Wells 
Carol Welt 
Carroll Wendland 


William Wernau 
Thomas C. Westfall 
Robyn Weyand 
Ernest WeymuUer 
jLidi Whalen 
Bruce C. Wheeler 
Arthur L. White 
Bruce A. White 
Regina White 
Peter J. Whitehouse 
John Whitener 
Robert A. Whitney, Jr. 
Marcia Whitson 
Vicky Whittemore 
Timothy M. Wick 
Louis A. Wienckowski 
Gordon C. Wier 
William H. Wiese 
Torsten N. Wiesel 
Tom Wiggins 
Hemian S. Wigodsky 
Josiah N. Wilcox 
Joan Wilentz 
R. Douglas Wilkerson 
Keith D. Wilkinson 
Nancy L. Wilkinson 
Robert Wilkinson 
Kim M. Willard-Jelks 
Belmont E.O. Williams 
Carolyn Ruth A. Williams 
David Williams 
Kevin Jon Williams 
O. Dale Williams 
Patricia N. Williams 
Sarah WiUiams-Blangero 
Patrick WiDiamson 
John E. Willson 
David Wilson 
Debbie Wilson 
Marsha T. Wilson 
Duncan Wimpress 
JoleneJ. Windle 
David L. Winter 
Steve Wolf 
J. Wolf 

Jose Mario Wolosin 
Dale A. Wood 
Gar>' W. Wood 
Paul Wood 
Mariane R. Woods 
Gary W. Wook 
Robert Woolfolk 


Mar>' Woolley 

Thomas A. Woolsey 

Henr\' H. Work 

Roger T. Worrell 

James Wortham 

Andrew Wright 

Ernest M. Wright 

Fred S. Wnght 

Jonelle E. Wright 

Mike Wright 

Mark Wrighton 

Michael Wrigley 

George Y. Wu 

Richard J . W urtman 

Richard G. Wyatt 

Ernst L. Wynder 

David L. Wynes 

Kaye Wynne 

Alice M. Wyrwicz 

J. Craig W>will 

Ehud Yairi 

Kelvin A. Yamada 

Nonmoto Yanagawa 

Patricia Y ano 

Kevin E. Yarasheski 

Jerome Yates 

R. Gar^' Yearsley 

Shu-Hui Yen 

Samuez Yen 

K. Lemone Yielding 

Fern Yonnes 

T.J. Yoo 

David York 

Brv'on Young 

Peggy Young 

ILichard W. Young 

Roger C. Young 

Kwok To Y ue 

Cheng Y ung-Chi 

John A Zaia 

David J. Zaleske 

Vassilis 1. Zannis 

Alex Zautra 

Scott L. Zeger 

Wendell E. Zehel 

Grace Zorrows 

Dorothea Zucker-Franklin 

Leo Zuniga 

Pamela S. Zurer 

Robert Zurier 
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